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2*  The  polyurethane  now  used  it  *  proprietary  material.  If  it  became 
unavailable  for  any  reason,  it  would  be  difficult  to  select  an  alternative 
coating  system  because  there  is  little  experience  with  other  systems  in  this 
environment . 

To  address  these  problems,  the  Navy  asked  the  U.S.  Army  Construction 
Engineering  Research  Laboratory  to  evaluate  alternative  coatings  for  aluminum. 

The  objectives  of  this  study  were  to  select  and  evaluate  aluminum  coat¬ 
ings  and  coating  systems  for  their  resistance  to  mechanical  handling,  and  for 
their  capability  to  protect  aluminum  from  corrosion  in  seawater  and  Otto  fuel, 
the  torpedo  propellant. 

Of  the  10  coating  systems  tested  for  this  study,  two  were  found  to  be 
suitable  for  use  on  torpedo  exteriors: 

1.  The  epoxy-polysmide  coating  KIL-P-24441  has  excellent  corrosion 
resistant  properties.  Formula  158  and  Formula  152  are  the  primer  and  topcoat 
within  the  specification  which  are  best  suited  for  use  on  aluminum  substrates. 
The  MIL-P-24441  system  has  excellent  adhesion.  The  impact  resistance  of  this 
coating  is  bast  if  the  topcoat  is  applied  at  no  more  than  5  mils  dry  film 
thickness.  The  KtL-P-24441  system  had  the  best  overall  performance  of  the  10 
candidate  coatings  for  torpedo  exteriors. 

2.  The  Ameron  vinyl  system  (Amercoat  86  primer  and  Anercoat  99HS  top¬ 
coat)  provides  a  high  degree  of  corrosion  protection,  has  good  impact  resis¬ 
tance  and  adhesion,  and  (because  it  is  a  solution  vinyl)  should  be  easily 
repaired  when  the  original  coating  is  damaged.  A  15-mil  thick  coat  of  this 
vinyl  provides  much  greater  protection  against  danage  by  impact  than  does  a 
10-  or  5-mil  coat.  Adequate  drying  time  most  be  allowed  before  putting  this 
coating  system  into  immersion,  or  premature  loss  of  adhesion  may  result.  The 
flexibility,  repairability,  and  good  performance  of  this  coating  sake  it  a 
good  second  choice  of  the  10  candidate  coatings  for  torpedo  exteriors. 

To  coat  the  lining  of  a  torpedo's  internal  fuel  tank,  the  MIL-C-4556  sys¬ 
tem  had  the  best  overall  performance  when  applied  over  the  dicbromate  sealed, 
hardcoat  anodized  7075  series  aluminum.  When  undamaged,  *his  coating  is 
highly  resistant  to  deterioration  in  Otto  fuel,  seawater,  or  a  sirtur i  of  t«e  j 
two.  Vhen  the  coating  is  physically  damaged,  it  does  not  break  away  j 

damaged  area,  but  remains  intact  even  if  corrosion  hss  undercut  the  coating.  j 
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PROTECTIVE  COATINGS  FOR  ALUMINUM 
TORPEDOES 


1  INTRODUCTION 


Background 

When  aluminum  alloy*  are  selected,  their  strength  i*  often  considered 
first,  while  the  environment  to  which  they  will  be  exposed  is  a  secondary  con¬ 
sideration.  In  seawater,  for  example,  the  6000  series  alloys  have  good  corro¬ 
sion  resistance  while  the  7000  series  alloys  do  not;  however,  the  7000  series 
is  often  used  because  it  is  stronger. 

Since  the  Navy's  MC4B  torpedoes  are  typically  Manufactured  with  7000 
series  alumitam,  the  exteriors  must  be  coated  to  protect  against  corrosion 
caused  by  seawater.  The  internal  surface  of  the  aluminum  fuel  tank  suit  also 
be  coated.  This  coating  must  be  resistant  to  the  corrosive  properties  of  Otto 
fuel  (the  torpedo  propellant)  and  of  any  mixture  of  Otto  fuel  and  seawater. 
Although  gouging  and  abrasion  are  not  a  problem  inside  the  fuel  tank,  the 
coating  must  be  highly  adherent  and  nonflaking  because  any  loose  particles 
could  enter  the  propulsion  mechanism  and  cause  a  Malfunction. 

The  Navy  is  now  using  a  proprietary  elastomeric  polyurethane  coating  on 
its  aluainua  torpedoes.  Although  this  coating  has  good  resistance  to  rough 
handling  and  corrosive  environments,  there  are  two  drawbacks: 

i.  Some  people  are  highly  allergic  to  the  isocyanate  materials  in 
urethane  coatings;  there  is  concern  that  the  Occupational  Safety  and  Health 
Administration  (OSSA)  may  restrict  the  uae  and  availability  of  these  coatings. 

2*  The  polyurethane  now  used  is  s  proprietary  material.  If  it  became 
unavailable  for  any  reason,  it  would  be  difficult  to  select  an  alternative 
coating  system  because  there  is  little  experience  with  other  systems  in  this 
environment . 

To  address  these  problems,  the  Navy  asked  the  U.S.  Army  Construction 
Engineering  Research  Laboratory  (CERL)  to  evaluate  alternative  coatings  for 
aluminum. 


u 

The  objectives  of  this  study  we.*e  to  select  and  evaluate  a  very  limited 
number  of  coatings  and  coating  systems  for  aluminum  that  sre  resistant  to 
mechanical  handling  and  seawater  corrosion  (Task  I),  and  to  protect  aluminum 
from  corrosion  In  seawater  and  Otto  fuel  (Task  II).  Emphasis  was  placed  on 
nonpolyurethane  coatings.  The  candidate  coatings  were  to  be  selected  based  on 
major  difference*  in  polymer  composition  sad  physical  properties.  The  results 
ate  to  be  used  for  direction  in  developing  more  effective  organic  coating*,1 

/  » 
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Approach 

Taak  It  Nine  potentially  suitable  candidate  coating  systems  for  torpedo 
exteriors  were  selected  for  this  study.  These  coatings  were  tested, 
evaluated,  and  ranked  in  order  of  effectiveness.  Some  proprietary  coatings 
were  evaluated,  but  priority  in  selection  was  given  to  applicable  Federal  or 
military  specification  materials.  No  specific  repairability  tests  were 
included,  but  priority  vas  given  to  organic  coatings  that  might  be  easily 
repaired  after  they  were  damaged.  To  help  ensure  that  the  same  paint  la 
obtained  in  the  future,  physical  and  chemical  testa  were  performed  to  charac¬ 
terize  and  identify  the  major  constituents  and  their  concentrations.  Addi¬ 
tional  characterization  of  constituents  vas  obtained  from  pertinent  vendor 
data  and  material  safety  sheets.  The  testing  and  evaluation  of  the  perfor¬ 
mance  of  the  coatings  examined  mechanical  strength;  impact,  adhesion,  and  cor¬ 
rosion  resistance;  as  veil  as  electrical  measurements  of  the  impedance,  resis¬ 
tance,  and  capacitance  of  the  paint  systess  on  anodized  or  chromate  conversion 
pretreated  7075-T6  aluminum  panels  before,  during;  and  after  a  90-day  immer¬ 
sion  in  aerated  synthetic  seaveter.  The  effect  of  coating  thickness  and/or 
the  nature  of  the  substrate  pretreatannts  vaa  determined.  The  presently  used 
elastomeric  polyurethane  coetings  end  other  types  of  polyurethanes  were  tested 
to  compare  their  performance.  The  corrosicu  performance  of  uspainted  speci¬ 
mens  vea  also  observed. 

Task  II:  The  candidate  coatings  for  the  torpedo  fuel  tanks  were 
selected,  tested,  and  evaluated.  These  coatings  were  ranked  for  adherence, 
nonflaking,  and  corrosion  protection  for  anodized  or  chromate  conversion  pre¬ 
treated  7075-T6  aluminum  alloy  specimen*  in  seawater,  Otto  fuel,  or  a  mixture 
of  50  percent  seawater  and  50  percent  Otto  fuel.  Teste  conducted  include 
impact,  adbeaion,  immersion,  and  electrical  evaluations  similar  to  those  for 
Task  I.  The  corrosion  performance  of  unpainted  specimens  immersed  in  the  per¬ 
tinent  liquids  vaa  determined. 


2  MATERIAL  SELECTION  AND  PREPARATION  OF  TEST  SPECIMENS 


Selection  of  the  Coatings 

To  select  the  coatings  to  be  evaluated,  CERL  searched  the  Federal  and 
military  paint  specifications  to  find  those  appropriate  for  the  given  expo¬ 
sures.  Epoxy  primer,  military  specification  MIL-P- 23377,  was  used  for  all 
tested  coatings  (both  specification  and  proprietary),  unless  a  different  pri¬ 
mer  was  needed  for  a  given  system.  Based  on  this  search,  CERL  found  that  it 
would  be  worthwhile  to  evaluate  the  following  coatings  for  Task  I: 

1 .  Nonurethane : 

—  Epoxy-polyamide 

—  Epoxy-poly amine 

—  "Flexible"  epoxy 

—  100  percent  solids  epoxy 

—  Vinyl. 

2.  Urethane: 

—  Currently  used  elastomeric  system 

—  Currently  used  elastomeric  topcoat  over  MIL-P-23377  primer 

—  None last oner ic  urethane  system 

—  High-build  urethane  system. 

For  Task  II,  it  was  decided  to  select  coatings  designed  for  fuel  tank 
linings.  All  coatings  chosen  were  epoxy  materials. 

The  coatings  selected  for  evaluation  are  discussed  below.  The  basis  for 
selection  and  the  source  of  sample  materials  are  given. 

Task  I 

Nonurethaae  Coatings.  Six  different  coatings  were  selected  for  this  part 
of  the  study, 

1.  Epoxy-polyamide  meeting  MIL-P-24441.  It  was  known  that  this  specifi¬ 
cation  material  has  excellent  seawater  and  chemical  resistance.  However,  CERL 
had  to  find  out  whether  this  coating  has  the  necessary  flexibility,  gouge,  and 
impact  resistance.  This  specification  is  subdivided  into  various  formulas  for 
different  topcoats  and  primers.  Formula  138  primer  was  selected  since  it  is 
specifically  formulated  to  be  used  over  aluminum  and  with  the  WL-P-24441  top¬ 
coats. 


Samples  of  the  Formula  158  primer  (yellow)  were  obtained  from: 


Mat cote  Company 
P.0.  Box  10762 
Houston,  TX  77018 


Sampl of  the  Formula  152  topcoat  (white)  were  obtained  from: 

Mobil  Chemical  Company 
901  North  Greenwood 
Kankakee,  XL  60901 

2.  Epoxy  coating  system  meeting  MIL-C-4556.  This  coating  specification 
is  really  a  coating  system.  That  is,  the  specification  covers  both  an  epoxy¬ 
polyamide  primer  and  an  epoxy-polyamide  topcoat.  This  system  is  meant  for 
fuel  tanks,  and  therefore  has  excellent  chemical  resistance  and  adhesion. 
Several  paint  manufacturers  recomme.o..  this  specification  for  both  the  exterior 
of  torpedoes  and  the  interior  of  tbs  -uel  tanks.  This  coating  was  evaluated 
for  both  Task  I  and  Task  II.  If  the  performance  were  acceptable  in  both  expo¬ 
sures,  only  one  coating  system  would  need  to  be  specified  for  the  torpedoes. 

The  sample  for  this  evaluation  was  obtained  from: 

Plas  Chem  Coatings 

6300  Bartmer  Industrial  Drive 

St.  Louis,  MO  63130 

The  primer  tested  was  orange  in  color,  and  the  topcoat  was  white. 

3.  "Flexible"  epoxy  meeting  MIL-C-22750.  As  with  most  epoxy-polyamide 
coatings,  this  was  expected  to  have  good  seawater  and  chemical  resistance. 

The  advantage  of  this  material  is  that  it  can  be  made  more  flexible  than  MIL- 
P-24441  epoxy.  Chemrex  Specialty  Coatings  Company,  El  Paso,  TX,  prepared  a 
sample  in  its  laboratory.  The  sample  was  formulated  to  provide  good  flexibil¬ 
ity  and  to  meet  Federal  Standard  595  color  #14062  (dark  green). 

4.  A  100  percent  solids  epoxy  coating.  Steelcote  Manufacturing  Company, 
Saint  Louis,  MO,  claims  to  have  an  epoxy  coating  that  has:  (1)  the  needed 
resistance  to  seaviter  corrosion,  (2)  an  inherent  flexibility  and  toughness, 
and  (3)  no  volatile  solvents.  CERL  tested  a  sample  made  in  Steelcote's 
laboratory  and  pigmented  to  meet  color  #14062. 

5.  The  MIL-P- 23377  epoxy  primer.  This  was  tested  at  a  thickness  of  5 
mils  and  without  a  topcoat.  The  coating  was  obtained  from: 

Deft,  Inc. 

17451  Von  Karman  Avenue 
Irvine,  CA  92714 


This  primer  is  yellow 


6.  Vinyl  coating  system.  Solution  vinyl  coating*  are  typically  tough 
and  flexible,  and  have  reasonably  good  chemical  resistance.  One  advantage  is 
that  they  can  be  applied  over  an  old  vinyl  coating  with  no  intercoat  adhesion 
problems  providing  the  old  surface  is  clean. 

A  vinyl  coating  system  manufactured  by  Ameron,  201  North  Berry  Street, 
Brea,  CA  92621,  was  selected  for  this  study.  The  system  includes  a  synthetic 
resin  inhihitive  primer,  Aaercoat  86,  and  a  topcoat,  Amercoat  99HS.  These 
siaterials  are  standard  off-the-shelf  products.  The  topcoat  is  Ameron's  color, 
medium  green,  vhich  is  lighter  than  the  #14062  color.  The  primer  color  is  red 
oxide. 


Urethane  Coatings.  Four  different  coating  systems  were  evaluated. 

1.  Currently  used  urethane  system.  This  consists  of  a  vinyl  butyral 
phosphoric  acid  wash-primer  first  coat  (Lord,  Hugh son  identification  #TS 
3236-26,  yellow)  and  an  elastomeric  topcoat  made  from  an  aliphatic  poly iso¬ 
cyanate  and  a  butyl  ketoxime  blocked  aromatic  polymine  (Lord,  Hughson  #TS 
3236-23A/B,  revision  #1,  color  #14062)  manufactured  by  Lord  Corporation,  Chem¬ 
ical  Products  Group,  Erie,  Pennsylvania  16514. 

2.  Currently  used  urethane  system  topcoat  manufactured  by  Lord  Corp. 
over  KIL-P-23377  primer  obtained  from  Deft,  Inc. 

3.  Nonelastooeric  aliphatic  urethane  coating  meeting  military  specifica¬ 

tion  MIL-P-83286.  This  coating  is  a  topcoat  material  only;  it  was  applied 
over  MIL-P-23377  primer.  A  single,  small  sample  of  this  coating  in  color 
#14062  could  not  be  obtained  in  an  acceptable  time  at  a  reasonable  cost. 
However,  the  manufacturer.  Deft,  Inc.,  maintained  f  making  the  correct 

color  should  not  be  hard,  and  that  the  pigmentation  fference  should  not  be  a 

great  factor  in  its  performance  properties.  A  sampl  '  a  white  coating  pig¬ 
mented  with  titanium  dioxide,  conforming  to  MIL-P-83-  as  received  from 
Deft,  Inc. 


4.  High-build  elastomeric  polyurethane.  A  yellow  topcoat,  Irathane  155, 
was  applied  over  the  MIL-P-23377  yellow  primer.  The  topcoat  was  obtained  from 
Irathane  Systems,  Inc.,  Hibbing,  MN. 

Task  II 

Three  coatings  were  selected  for  this  portion  of  the  study. 

1.  Flexible  epoxy-polyamide  meeting  MIL-C-2275Q.  In  the  technical 
manual  on  Otto  Fuel  XI,  an  epoxy  coating  meeting  M1L-P-22808  is  listed  as  an 
acceptable  tank  lining, *  However,  MIL-P-22808  has  been  cancelled  and  replaced 
by  MIL-C-22750.  MIL-C-22750  was  also  evaluated  as  a  coating  for  the  torpedo 
exteriors.  Chemrex  supplied  a  sample  for  testing.  The  topcoat  meets  color 
#14062. 

2.  Epoxy  coating  meeting  military  specification  MIL-C-4556.  This  coat¬ 
ing  might  be  expected  to  have  slightly  better  chemical  resistance  than  the 


1  Otto  Fuel  II:  Safety.  Storage,  and  Handling.  NAVSEA  OP  3368  Fifth  Revision 
(Naval  Sea  Systems  Conmand,  15  January  1973,  Change  1,  15  May  1975). 


MIL-C-22750  coating.  MIL-C-4556  is  a  primer  and  a  topcoat  system*  This  coat¬ 
ing  also  was  evaluated  for  torpedo  exteriors.  Plas  Chem  supplied  samples  of 
the  orange  primer  and  a  white  topcoat  formulation. 

3.  Amine-cured  epoxy  coating  meeting  Boeing  Aircraft  specification 
#BMS-10-11X.  It  was  thought  worthwhile  to  include  in  this  study  an  industry 
specification  material  used  for  lining  tanks  which  may  contain  material  simi¬ 
lar  to  the  Otto  fuel.  The  Boeing  specification  material  is  a  readily  avail¬ 
able,  conventionally  pigmented  coating.  It  is  self-priming  and  need  not  be 
topcoated  as  long  as  the  material  is  not  exposed  to  sunlight.  This  coating 
was  obtained  as  an  off-the-shelf  product  from  Deft,  Inc.  The  coating  is  light 
green  in  color. 


Aluminum  Test  Specimens 

All  aluminum  test  specimens  were  3  in.  by  6  in.  by  0.125  in.  aluminum 
alloy  7075-T6.  The  panela  were  divided  among  three  groups*  Throughout  this 
report,  these  three  pretreatments  will  be  called  substrates  a,  b,  and  c: 

substrate  a  —  7075-T6  with  a  2  (+  0.5) -mil- thick  Type  III,  class  1, 
dichromate  sealed,  hardcoat  anodising  in  accordance  with  MIL-A-8625C,  15  Janu¬ 
ary  1968  and  amendment  1,  13  March  1969. 

substrate  b  —  7075-T6  with  a  2  (+  0.5) -mil- thick  Type  III,  class  1, 
unsealed,  hardcoat  anodising  in  accordance  with  MIL-A-8625C,  15  January  1968 
and  amendment  1,  13  March  1969. 

substrate  c  —  7075-T6  with  a  chromate  conversion  coating,  class  1A,  in 
accordance  with  MIL-C-5541 ,  30  June  1970  and  amendment  2,  30  November  1972. 

The  test  panels  were  made  from  the  same  batch  of  stock  material.  All 
edges  were  deburred  and  rounded.  A  single  1/4-in.  hole  was  drilled  in  each 
specimen  centered  on  the  3-in.  aide  and  1/4  in.  from  the  edge.  The  panels 
were  degreased,  cleaned,  and  blasted  on  all  aides  and  edges  with  silica  sand 
to  a  white  metal  finish  and  a  mean  surface  profile  of  approximately  1  mil 
before  treatment.  The  specimens  were  supplied  by: 

The  Metaspec  Company 

P.0.  Box  27707 

San  Antonio,  TX  78227 


Application  of  the  Coatings:  Techniques  and  Observations 

All  coatings  in  this  study  were  applied  by  conventional  auction-cup  air 
apray  equipment,  except  aa  noted  in  Table  1. 

To  evaluate  the  effect  of  film  thickness  on  coating  performance,  almost 
all  the  nonpolyurethane  coatings  for  Task  I  were  applied  at  topcoat  dry  file 
thicknesses  of  5,  10,  and  15  mils.  The  urethane  coatings  were  applied  at  a 
topcoat  dry  film  thickness  of  5  mils  —  except  for  the  high-build  urethane 
system,  which  vas  applied  at  15  mils.  The  urethanes  were  applied  over  sub¬ 
strates  a,  b,  and  c.  Successful  preliminary  results  on  the  MIL-P-24441  epoxy 


Table  1 


Application  of  the  Coatings 


Coating 

Thinner 

Squlpaant 

Pot  Life 

Problems 

KIL-F-24441 
topcoat 
and  prlaar 

None 

Conventional 

3  hours 

None 

HIL-C-4556 
topcoat 
and  priaer 

Nona 

Conventional 

6  hours 

None 

MIL-P-21377 

prlaar 

None 

Conventional 

8  hours 

Does  not  dry  to  a 
saooth  finish  ovsr 
a nodi ting 

H1L-C-22750 

HIL-T-81772 

Conventional 

6  hours 

Air  hobbles  if  wore 
then  s  very  thin 
coet  Is  applied 

1002  aollda 
apoay 

Nona 

Conventional 
airspray  fitted 
with  a  pressure 
pot 

1-1/2  to 

2  hours 

Setting,  dripping 

Aaarccat 

86  prlaar 

Aaercoat  6 

Conventional  air- 
spray  fitted  with 
a  pressure  pot 
and  a  fine  tip 

On  Halted 

Cobwebe 

Aaercoat 

99SS  topcoat 

Aaercoat  9 

Conventional  air- 
spray  fitted  with 
a  pressure  pot 

On  Halved 

Pinholes  If  act 
thinned  eaffleiastly 

Hughaon 

wash  prlaar 

Nona 

Conventional 

8  hours 

None 

Mughsoo 

polyurethane 

topcoat 

Nona 

Conventional 

2  hours 

None 

MIL-C-83286 

Nona 

Conventional 

6  hours 

Air  bubble*  If  no  re 
then  s  thin  coet  Is 
applied 

Irathane  133 

None 

Conventional 

3  hours 

None 

BMS-10-Ut 

None 

Conventional 

8  hours 

Must  be  applied  in 
multiple  thin  coats 
to  avoid  surface  ten¬ 
sion  probleec 
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system  and  the  Aaeron  vinyl  system  suggested  that  these  coatings  be  evaluated 
over  all  three  substrates.*  Other  coatings  in  Task  I  were  evaluated  on  sub¬ 
strate  a  only. 

Task  II  coatings  were  applied  at  the  thickness  suggested  by  the  manufac¬ 
turer  or  by  the  military  specification.  These  coatings  were  applied  to  all 
three  substrates. 

The  techniques  used  to  apply  each  coating  are  discussed  below.  This 
information  is  summarized  in  Table  i. 

MIL-P-24441:  Both  the  primer  and  the  topcoat  were  easily  mixed  and 
applied  without  thinning.  Each  coat  was  allowed  to  dry  overnight  before 
recoating.  Each  coat  dried  to  a  thickness  of  about  3  mils, 

KIL-C-4556:  Both  the  primer  and  the  finish  coat  sprayed  easily  with  con¬ 
ventional  auction-cup  spray.  Thinning  was  not  necessary.  The  primer  was 
applied  at  approximately  2  mils  dry  film  thickness.  Each  coat  of  the  topcoat 
was  about  5  mils  dry  film  thickness.  Each  coat  was  allowed  to  dry  overnight 
before  recoating.  The  system  becae  very  hard  and  brittle  as  it  cured. 

MIL-P-23377:  This  primer  was  used  vith  several  different  topcoats.  It 
was  applied  at  a  thickness  of  1  mil  with  no  thinning.  Some  difficulty  was 
encountered  in  applying  the  primer  to  the  anodized  aluminum  panels,  both  with 
and  without  the  dichromate  sealing.  These  surfaces  are  somewhat  porous,  and 
the  solvents  in  the  primer  were  absorbed  into  the  surface  as  the  coating  was 
applied.  The  primer  dried  with  a  sandy,  rough  surface  when  applied  at  a  1-mil 
thickness  over  anodizing.  Applying  a  somewhat  heavier  coat  prevented  much 
roughness,  but  the  coating  still  did  not  have  the  smooth  surface  that  normally 
would  be  expected.  There  was  no  problem  in  applying  this  primer  over  the 
nonanodized  chromate  conversion  coated  panels. 

MIL-C-22750:  This  coating  was  very  difficult  to  spray.  When  more  than  a 
mist  cost  was  applied,  sir  bubbles  up  to  1/8  in.  in  diameter  appeared  on  the 
surface  about  a  minute  after  spraying.  This  happened  whether  the  coating  vas 
thinned  or  unthinned,  or  was  applied  on  smooth  metal,  sandblasted  metal,  or 
over  the  HIL-P-23377  primer.  Acceptable  results  were  obtained  only  with  very 
careful  work.  The  costing  was  thinned  to  18  seconds  on  a  #4  Ford  cup  with  the 
WL-T-81772  thinner  recommended  in  MIL-C-22750.  The  first  coat  vas  applied  as 
a  very  thin  mist  and  allowed  to  dry  for  1  hour  before  recoating.  This  coating 
vas  chosen  for  testing  in  Tasks  I  and  II.  Task  I  required  coating  thicknesses 
of  5,  10,  and  IS  mils.  Since  the  coating  could  only  be  applied  in  coats  of 
less  than  1  mil,  it  was  difficult  and  time  consuming  to  obtain  the  necessary 
film  build.  The  Task  II  specimens  were  coated  according  to  MIL-C-227S0  direc¬ 
tions  vith  a  mist  coat  and  one  more  coat.  The  total  thickness  of  the  topcoat 
was  Q.9  to  1.2  mils. 

The  180  percent  solids  epoxy  coating:  This  coating  was  applied  using 
conventional  spray  equipment  fitted  with  a  pressure  pot.  A  pressure  of  about 
15  psi  was  applied  to  the  pot.  To  apply  a  5-mil  coat,  the  coating  vas  sprayed 
to  give  a  “spattered"  coat  which  did  not  cover  the  entire  surface.  Within  a 

*  Both  coatings  were  rated  highly  on  physical  tests  performed  before  immer¬ 
sion. 
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few  seconds  this  cost  flowed  together  smoothly  and  un if oral?.  The  costing  hss 
tone  tendency  to  ssg  sod  drip,  even  st  5  nils.  It  vss  not  possible  to  sprsy 
the  psnels  st  a  thickness  of  less  then  5  ails.  Eaeh  cost  was  allowed  to  cure 
overnight  before  recosting. 

Aaeron  86  and  Ameren  99BS:  The  primer,  Aaercoat  86,  vss  thinned  to  25 
seconds  on  the  #2  Zshn  cup  with  Aaercost  6  thinner.  It  vss  difficult  to  get 
good  atomization  of  this  paint  with  conventional  sprsy  equipment.  The  best 
results  were  obtained  using  the  pressure  pot  and  a  fine  atoaizing  tip  on  the 
spray  gun.  Two  fast  passes  of  the  spray  gun  gave  an  even  cost  about  1.5  ails 
thick.  The  first  pass  was  allowed  to  dry  a  few  minutes  before  the  second  coet 
wee  sprayed  on.  The  priner  vat  messy  to  apply;  during  spraying,  semidry  paint 
particles  and  cobwebs  filled  the  air.  The  topcoat  was  thinned  to  90  seconds 
on  the  #2  Zahn  cup;  about  one  part  paint  was  mixed  with  one  part  thinner. 
Without  this  much  thinning,  the  coating  had  many  pinholes.  Each  coat  dried  to 
a  thickness  of  about  1  mil.  The  topcoat  dried  rather  quickly,  so  several 
coats  could  be  applied  with  only  a  few  minutes'  drying  time  between  coats. 

The  topcoat  dried  to  a  very  dull  finish. 

Hughson  TS  3236-26  and  TS  3236-23:  Both  the  wash  primer  and  the  topcoat 
were  easy  to  apply;  mixing  and  spraying  presented  no  particular  problems.  The 
wash  primer  was  applied  in  one  thin  coat  and  dried  quickly.  The  topcoat  was 
easily  applied  over  both  the  wash  primer  an d  the  KIL-P-23377  epoxy  primer.  A 
film  build  of  5  mils  was  achieved  by  applying  six  costa  with  a  few  minutes' 
drying  time  between  each  coat. 

MIL-C-83286:  Ko  thinning  was  necessary  when  applying  this  polyurethane 
coating.  The  first  coat  had  to  be  a  very  thin  mint  coat,  otherwise,  bubbles 
formed  in  the  costing.  The  mist  coat  was  allowed  to  dry  for  about  l  hour 
before  recoating.  A  third  coat  was  applied  after  overnight  drying  to  give  a 
5-mil  dry  film  thickness.  Many  of  the  panels  had  pinholes,  bat  these  flews 
did  not  appear  to  go  through  all  coats.  There  were  no  pinholes  in  the  KIL-P- 
23377  priner. 

Irathane  155:  There  were  no  particular  problems  with  either  mixing  or 
spraying.  No  thinning  was  required.  A  dry  film  thickness  of  A  to  5  mils  was 
applied  for  each  cost. 

BHS-10-liR:  This  costing  vaa  easy  to  apply  with  no  tbinninr,?.  as  recom¬ 
mended,  no  primer  wss  used.  Two  thin  coats  were  applied  to  give  a  d«, 
thickness  of  about  1  mil.  When  one  heavier  coat  was  applied,  surfer-  nsioc 
gave  the  coating  an  alligatcr-akin  appearance. 


Thickness  Measurements 

The  thickness  of  the  coating  on  each  panel  was  determined  by  measuring 
the  total  thickness  of  the  coated  panel,  then  subtracting  the  thickness  of  the 
uncoated  panel,  and  dividing  by  two  to  get  the  coating  thickness  on  each  side. 
The  measurements  were  made  using  a  gauge  calibrated  in  mils.  The  gauge  was 
bolted  to  c  stationary  support.  The  movable  dial  was  rotated  to  read  aero 
thickness  for  an  uncoated  panel.  The  dial  was  recalibrated  for  each  substrate 


(anodized  sealed,  unsealed,  and  chromate  conversion  coated).  This  method  of 
measuring  total  coating  thickness  statuses  that  each  encoated  panel  is  the  same 
thickness,  and  that  the  film  on  one  side  of  the  panel  is  th£  same  thickness  as 
that  cn  the  other  side.  The  thicknesses  of  several  uncoated  panels  were  meas¬ 
ured;  the  differences  between  them  were  minimal*  Three  measurements  were 
recorded  for  each  panel,  about  1  in.  from  the  long  edge  at  the  t middle, 
and  bottom  of  the  panel.  The  number  of  panels  per  teat  and  the  'eating 

thickness  measurement  values  are  included  in  Table  2.  It  war  £•.?,'  •  .t  to 
apply  the  coatings  at  the  exact  film  thicknesses  desired.  The  -  a  in 
coating  thicknesses  were  normally  lest  than  1.5  to  2.0  mils.  t:.  iac 
includes  the  number  of  teat  specimens  for  each  coating  system,  .-a  .xness,  end 
substrate. 

Preparation  of  Panels  for  Electrical  Measurements 

To  attach  electrical  leads  to  a  specimen,  part  of  the  coatiu  .  and  anodiz¬ 
ing  was  removed  at  the  top  of  each  panel.  A  steel  template  with  ^  1/2-in. - 
diameter  hole  at  the  top  was  placed  over  the  panel,  and  the  coating  was 
removed  by  sandblasting.  This  technique  removed  the  costing  from  a  small  area 
without  damaging  the  rest  of  the  panel.  A  1/8-in.  hole  was  drilled  in  the 
crater  of  the  clean  area*  and  a  solder less  terminal  was  riveted  in  place  (Fig¬ 
ure  1).  Before  it  was  attached,  the  terminal  was  dipped  in  a  conductive 
silver  paint.  The  bare  metal  areas  were  thee  covered  with  silicone  sealant  to 
protect  the  connection  from  the  corrosive  seawater  and  Otto  fuel. 

GalV'xnically  Coupled  Panels 

Each  of  the  coated  specimens  in  this  phase  of  the  testing  was  galvani¬ 
cally  coupled  to  two  brass  panels  of  the  seme  size  as  the  specimen.  Leads 
were  soldered  to  the  brass  panels;  a  longer  lead  coupled  one  brass  panel  to 
the  coated  panel.  Bach  coated  panel  was  sandwiched  between  the  two  brass 
panels  and  bolted  together  u?ing  nylon  nuts,  colts,  and  washers  (Figure  2). 
Four  washers  were  inserted  between  each  panel  to  provide  1/8-in.  spacing.  The 
leads  from  the  brass  and  coated  panel  were  cut  to  6  in.;  the  ends  were 
stripped,  twisted  together,  and  soldered.  The  assembled  panels  were  suspended 
in  the  tanks  with  the  coupled  ends  of  the  wires  well  above  the  surface  of  the 
immersion  liquid*  These  panels  did  not  require  electrical  measurements  and 
did  not  have  to  be  disassembled  until  the  testing  was  completed.  The  length 
of  the  wires  allowed  the  panels  to  be  twisted  apart  enough  to  observe  the  con¬ 
dition  and  appearance  of  the  costing  during  immersion. 

Scored  Specimens 

Some  of  the  coated  specimens  were  scored  with  a  diamond-tipped  cutting 
tool.  Two  parallel  3-1/ 2- in.- long  scribe  lines  were  cut  1  in.  apart  on  each 
face  of  the  pntel  (Figure  3).  The  top  of  each  acribe  line  was  1  in.  from  the 
top  edge  of  the  panel*  On  each  panel,  the  left-hand  scribe  line  was  cut 
through  to  bare  metal;  the  right-hand  scribe  line  was  cut  through  all  layers 
of  the  coating  to  the  anodizing. 


Mean  Coating  Thicknesses 


Coat tag 

lii  he  tret* 

Intended 

Thickaee*  (mile) 

#  of 
Mattel* 

Mean 

Thlckoeee  (all*) 

Standard 

Deviation 

Teak  1: 

NoeeretMoee 

HlL-P-24441 

* 

6 

16 

6.4 

0.75 

over 

* 

11 

16 

10.9 

1.01 

HIL-P-24441 

a 

16 

16 

14.0 

1.29 

b 

* 

16 

S.7 

0.86 

b 

11 

16 

10.4 

1.16 

b 

16 

»6 

14.5 

1.25 

c 

6 

16 

5.0 

0.56 

c 

11 

16 

9.5 

0.83 

c 

16 

16 

13.1 

2.04 

KIL-C-4556 

a 

6 

16 

6.0 

0.70 

over 

a 

11 

16 

10.5 

1.07 

Klt-C-4556 

a 

16 

16 

10.6 

1.19 

HIL-C-22750 

a 

6 

16 

4.2 

0-57 

over 

a 

11 

16 

S.4 

0.74 

WW-23377 

a 

16 

16 

12.4 

0.90 

1002  Solid* 

a 

6 

16 

5.7 

0.93 

over 

a 

It 

16 

5.5 

0.65 

HIL-P-23377 

a 

16 

16 

16.3 

1.64 

M1.-F-23377 

a 

6 

16 

6.6 

0.59 

b 

6 

16 

5-4 

0.60 

c 

6 

16 

=4.1 

0.65 

Aaercaec  998S 

a 

6 

16 

5.4 

0.82 

over 

a 

11 

16 

9.7 

0.69 

Aae reset  W 

a 

16 

16 

15.6 

1.13 

b 

6 

16 

7.4 

0.96 

b 

It 

16 

12.5 

0.95 

b 

16 

16 

1S.0 

1.07 

€ 

6 

16 

6.3 

0.60 

C 

11 

16 

12.7 

0.81 

C 

16 

16 

21.9 

1.75 

T«»k  I: 

Orethase* 

Sughsati 

a 

6 

16 

7.3 

0.54 

TS  3236-23 

b 

6 

16 

S*2 

0.64 

over 

TS  3236-26 

a 

6 

16 

8.0 

0-51 

Hughtaa 

a 

6 

16 

4.1 

0.41 

TS  2236-23 

fe 

6 

16 

4*9 

0.45 

over 

HIL-P-23377 

e 

6 

16 

4.5 

0.55 

trathsme  155 

a 

16 

16 

13.7 

2. S3 

over 

b 

16 

16 

18.4 

2.17 

Table  2  (Cont'd) 


intended  #  of  Mtan  Standard 

Suit* rate  Tklcknw  <»U«)  fan* It  Thlekneat  (mile)  Dcvletloa 


Tc«k  II 


Wtt-C-2275C 

a 

2 

26 

2.2 

0.58 

cvnr 

b 

2 

26 

3.4 

HII-F-23J77 

c 

2 

26 

2.8 

0.56 

MIL-C-4556 

9 

9 

26 

8.6 

1.36 

over 

b 

9 

26 

8.6 

1.54 

HIL-C-4556 

e 

9 

26 

7.1 

0.98 

8HS-IQ-11K 

9 

1 

26 

1.2 

0.50 

b 

1 

26 

2.2 

0.46 

Figure  2*  Aasenbly  of  galvanically  coupled  specimen 


i 

I 

j 


Seme  of  the  coated  specimens  were  impacted  before  immersion.  This  was 
dene  with  a  Gardner  Heavy-Duty  Variable  Impact  Tester.  Four  points  in 
predetermined  locations  os  each  panel  were  iapacted  with  forces  of  5,  10,  20, 
and  40  in.-lb  as  shown  in  Figure  4.  Since  cost  coatings  fail  in  the  range  of 
5  to  40  in.-lb,  each  panel  had  at  least  one  actual  coating  failure  among  the 
four  points  of  impact.  Figure  5  shews  a  specimen  which  corroded  only  at  the 
point  which  was  iapacted  with  a  force  of  40  in.-lb.  The  specinen  was  galvani¬ 
cally  coupled  and  iaaersed  in  seawater  for  90  days. 

Undamaged  Specimens 

Soae  of  the  speciaens  were  not  damaged  prior  to  iaaersion.  Figure  6 
shove  a  specimen  coated  with  KIL-F-24441  which  did  not  visibly  corrode  during 
90-day  iaaersion  in  seawater.  The  specimen  was  galvanically  coupled. 


IMMERSION  LEVEL 
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3  TEST  METHODS 


More  than  900  aluminum  panels  were  coated  and  tested.  Most  of  the  speci¬ 
mens  were  iimereed  for  90  days  in  seawater,  Otto  fuel,  or  a  mixture  of  the 
two.  Some  specimens  were  damaged  before  iaanersion  by  impact  or  by  score  lines 
cut  into  the  coating  surface.  Some  of  the  damaged  and  undamaged  test  speci¬ 
mens  were  galvanically  coupled  to  60/40  bronze  during  the  immersion  period  to 
accelerate  the  corrosion  processes.  Electrical  measurements  of  resistance, 
capacitance,  and  loss  factor  at  1  kHz  were  made  on  250  panels  weekly  during 
the  90-day  immersion  period.  After  the  immersion  period,  each  panel  was  exam¬ 
ined  to  evaluate  its  condition.  The  results  of  the  electrical  measurements 
were  tabulated,  and  the  resistance  and  capacitance  were  plotted  versus  time  of 
immersion.  These  plots  were  not  found  to  give  valuable  information  about  the 
deterioration  of  the  coatings  within  the  90-day  immersion  period.  The  results 
were  not  used  because  the  data  indicated  the  immersion  time  was  too  short  to 
provide  useful  information. 

Four  destructive  physical  teats  were  performed  on  the  specimens  after 
immersion  and  on  those  specimens  that  were  not  ismersed: 

1.  Elcometer  adhesion  test 

2.  Scrape  adhesion  test 

3.  Impact  at  room  temperature  (23°C) 

4.  Impact  at  4°C. 

Characterization  tests  were  performed  on  each  coating  to  provide  a  basis 
for  comparing  any  batches  of  that  coating  procured  by  the  Havy  or  CERL  in  the 
future  with  the  samples  already  evaluated  by  CERL,  The  pigment  content,  total 
solids,  and  nonvolatile  vehicle  content  of  each  coating  were  measured,  and 
infrared  and  gas  chromatographic  analyses  were  performed. 


Physical  Test  Procedures 

Elcometer  Adhesion  Test 

Originally,  the  adhesion  of  the  coatings  was  to  be  tested  using  a  tape 
adhesion  method.  For  this  test,  two  parallel  cuts,  1/6  in.  apart,  and  a  third 
line  perpendicular  to  the  other  two  are  cut  into  the  coating.  A  piece  of 
masking  tape  is  firmly  placed  over  the  score  lines  and  then  peeled  back  to 
remove  the  coating.  However,  this  test  was  shown  to  be  ineffective  because  it 
would  not  remove  many  coatings.  Therefore,  CERL  substituted  the  Elcometer 
Adhesion  Tester.  The  test  method  involved  using  an  epoxy  glue  to  ce©ent  cir¬ 
cular  aluminum  dollies  to  the  coated  surface.  The  dollies  were  lightly  sand¬ 
blasted  on  the  contact  surface  to  ensure  good  adhesion  of  the  glue.  The  paint 
surface  was  also  slightly  roughened  with  sandpaper.  Weights  were  placed  on 
the  dollies  while  the  glue  was  curing.  All  specimens  were  allowed  to  cure 
overnight.  A  1-in.  hole  saw  attached  to  an  electric  hand  drill  was  used  to 
cut  through  the  coating  around  the  dolly.  The  dolly  could  then  be  pulled  from 
the  specimen  with  the  adhesion  tester,  and  the  force  at  which  the  dolly  was 
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pulled  from  the  specimen  was  read  in  units  of  pounds  per  square  inch.  On  most 
specimens,  the  dolly  pulled  all  or  part  of  the  paint  system  from  the  panel. 
However,  on  some  of  the  strongest  coatings,  the  epoxy  glue  broke  before  the 
paint  system,  and  the  paint  was  left  intact.  The  adhesion  tester  had  a  range 
of  0  to  1000  psi;  the  glue  typically  broke  at  700  to  900  psi.  Thus,  this  test 
did  not  distinguish  between  the  highly  adherent  coatings,  but  it  did  indicate 
coatings  with  poor  adhesion.  One  drawback  of  this  test  method  is  that  the 
solvents  in  the  glue  might  affect  the  characteristics  of  the  coating  system. 
For  most  coatings  in  this  study,  solvents  would  not  be  expected  to  have  much 
effect  because  two-component  cured  coatings  usually  are  solvent-resistant; 
however,  the  solution  vinyl  coating  by  Ameron  is  not.  Thus,  the  Elcometer 
adhesion  test  may  give  false  low  readings  for  this  coating  in  particular. 
Figure  7  is  a  photo  of  the  test  equipment  after  a  test  was  performed. 

Scrape  Adhesion  Test 

A  scrape  adhesion  test  was  performed  with  a  balanced-beam  scrape  adhesion 
tester  in  accordance  with  American  Society  for  Testing  and  Materials  (ASTM) 

D  2197-68,  Method  A.2 3 

ASTM  D  2197-68A  does  not  clearly  state  when  the  test  should  end;  succes¬ 
sively  larger  loads  are  to  be  used  until  the  coating  is  removed  or  until  the 
maximum  load  of  10  kg  has  been  added.  It  is  unclear  whether  the  endpoint  is 
the  removal  of  the  entire  coating  system  from  the  substrate,  or  the  removal  of 
a  portion  of  the  topcoat  from  the  surface.  For  the  purposes  of  this  testing, 
removal  of  any  part  of  the  coating  constituted  failure.  (If  the  endpoint  were 
removal  of  the  entire  coating  system,  many  of  the  coatings  would  have  exceeded 
the  10-kg  limit  of  the  apparatus.)  The  load  was  determined  only  to  the 
nearest  0.5  kg  because  tests  at  smaller  weight  increments  were  not  reproduc¬ 
ible.  The  equipment  at  the  conclusion  of  a  test  is  shown  in  Figure  8. 

Impact  Test 

An  impact  test  was  performed  in  accordance  with  ASTM  D  2794-69.^  The 
test  was  performed  at  a  room  temperature  of  25  +.  1°C,  and  again  on  specimens 
cooled  to  4  +.  3°C  for  1  hour.  The  test  was  done  on  a  Gardner  Heavy-Duty  Vari¬ 
able  Impact  Tester.  A  specimen  was  set  over  a  0.640-in. -diameter  hole  in  a 
die  mounted  on  the  base  of  the  apparatus.  A  spherical  tipped  punch  of  0.625- 
in.  diameter  was  placed  on  the  specimen.  A  2-lb  weight  was  raised  to  a 
desired  height  (up  to  40  in.)  in  a  graduated  tube;  this  weight  delivered  a 
maximum  force  of  80  in. -lb.  The  eq  lipment  is  shown  in  Figure  9. 

According  to  the  test  method,  cracking  of  the  coating  constitutes  impact 
failure.  However,  since  some  of  the  coatings  in  this  study  are  so  elastic 
that  they  will  not  crack,  the  endpoint  was  chosen  as  any  of  the  following 
types  of  failur’:  cracking  on  the  impacted  side,  cracking  on  the  reverse 
side,  puncture  of  the  topcoat,  and  debonding  ("blistering")  of  the  impact 
area. 

2  "Standard  Test  Methods  for  Adhesion  of  Organic  '.'eatings , "  D  2197  (American 
Society  for  Testing  and  Materials  [ASTM],  1968-. 

3  "Resistance  of  Organic  Coatings  to  the  Effects  Rapid  Deformation  (Im¬ 
pact),"  D  2794  (ASTM,  1969). 


Figure  9.  Gardner  impact  tester 


Electrical  Measurements 

It  was  originally  thought  that  studying  the  resistance  and  capacitance 
properties  of  the  coated  aluminum  specimens  during  immersion  in  seawater  would 
yield  valuable  information  about  the  deterioration  of  such  specimens.  The 
test  method  was  based  on  previous  studies  of  the  electrical  properties  of 
polybutadiene  coatings  on  steel.  However,  the  test  method  did  not  give  useful 
results  for  the  coatings  tested.  A  piece  of  stainless  steel  the  same  size,  and 
shape  as  the  test  specimen  was  used  as  a  reference  electrode.  The  distance 
between  the  reference  electrode  and  the  test  specimen  being  measured  was  kept 
constant  with  three  nylon  screws  set  into  the  face  of  the  reference  electrode. 
Capacitance  and  impedance  measurements  were  made  with  a  General  Radio  Type 
1600-A  Impedance  Bridge  at  a  frequency  of  1000  Hz.  To  prevent  any  errors 
caused  by  changes  in  the  level  of  the  immersion  fluid,  both  the  sample  and  the 
reference  electrode  were  completely  immersed.  Measurements  were  made  on  each 
panel  daily  for  the  first  3  days,  and  then  weekly  for  the  rest  of  the  90-day 
testing  period.  It  was  expected  that  after  a  time  the  measured  resistance 
between  the  specimen  and  electrode  would  drop  sharply  an  the  coating  on  the 
8peci.men  deteriorated.  The  capacitance  between  the  two  would  begin  to  rise  at 
the  same  time.  The  data  for  this  series  of  experiments  did  not  show  the 
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expected  trends.  There  were  no  significant  increases  or  decreases  m  the 
values  recorded  during  the  90-day  testing  period,  even  when  there  were  visible 
areas  of  corrosion  or  coating  deterioration  on  the  specimens.  Initial  meas¬ 
urements  of  capacitance  ranged  from  0.2  to  5  microfarads.  Initial  measure¬ 
ments  of  resistance  ranged  from  10  to  250  ohms.  The  highest  initial  resis¬ 
tance  values  were  for  the  MIL-P-4556  epoxy  system.  However,  there  did  not 
appear  to  be  a  strong  correlation  between  coating  performance  and  electrical 
measurements.  A  90-day  immersion  probably  is  not  long  enough  to  show  signifi¬ 
cant  changes  in  the  electrical  properties  of  the  coated  aluminum. 


Characterization  of  the  Coatings 


To  characterize  each  sample  of  paint  tested  for  this  study,  the  pigment 
content,  total  solids,  and  nonvolatile  vehicle  content  of  each  coating  com¬ 
ponent  were  measured  (Table  3),  An  infrared  spectrum  (IR)  and  a  gas  chromato¬ 
graphic  (GC)  analysis  of  each  coating  were  done  to  "fingerprint"  the  samples 
evaluated  in  the  laboratory.  The  results  of  the  IR  and  GC  work  are  shown  in 
Appendix  A.  The  laboratory  procedures  used  are  described  below.  Additional 
vendor  information  and  safety  sheets  for  the  MIL-P-24441 ,  Aroeron,  and  MIL-P- 
4556  systems  are  included  in  Appendix  B. 


Test  Methods 

1.  Pigment  content  (Federal  Test  Method  Std.  No.  141B,  Method  4021, 

1  February  1979). 

Apparatus:  IEC  International  Centrifuge,  Size  2,  Model  K,  8-unit  head. 
Sartorius  Analytical  Balance. 

Extraction  mixture:  50  percent  toluene,  50  percent  acetone. 

Procedure:  In  a  weighed  centrifuge  tube,  approximately  15  g  of  the  sam¬ 
ple  (coating  or  coating  component)  were  weighed  to  the  nearest  0.0001  g. 
Twenty-five  milliliters  of  the  extraction  mixture  were  added  and  mixed 
thoroughly  with  a  glass  rod.  The  rod  was  washed  with  more  of  the  mixture  from 
a  wash  bottle.  The  material  was  centrifuged  30  minutes  at  2000  rpm,  and  the 
clear  supernatant  liquid  was  decanted.  These  steps  were  done  twice  more  with 
35  ml  of  the  extraction  mixture.  After  the  liquid  was  drawn  off  for  the  last 
time,  the  tube  was  set  in  a  steam  bath  for  10  minutes,  put  in  a  105°C  oven 
overnight,  cooled  in  a  dessicator,  and  weighed.  The  percentage  of  pigment  was 
calculated. 

2.  Total  solids 

Apparatus:  Sartorius  Analytical  Balance,  Aluminum  Evaporation  Dishes. 

Procedure:  Into  a  weighed  evaporating  dish,  approximately  0.5  g  of  the 
sample  was  added  and  quickly  weighed  to  the  nearest  0.0001  g;  the  dish  was  put 
in  a  105°C  oven  for  i-1/2  hours,  cooled,  and  weighed.  The  percentage  of  total 
solids,  by  weight,  was  calculated. 


Characterization  Test  Results 


Coating 

Component 

Total 

Solids,  Percent 

Pigment, 

Percent 

MIL-P-24441 

A 

73.3 

50.6 

Formula  158 

B 

76.7 

29.3 

MIL-P-24441 

A 

68.8 

50.9 

Formula  152 

B 

70.8 

27.7 

MIL-P-23377 

A 

63.7 

40.3 

B 

20.5 

0.0* 

MIL-C-22750 

A 

70.8 

5.8 

B 

47.2 

9.3 

MIL-C-4556 

A 

68.1 

48.4 

Primer 

B 

82.5 

0.0 

MIL-C-4556 

A 

59.4 

33.9 

Topcoat 

B 

62.5 

0.0 

Steelcote 

A 

96.4 

0.0 

100Z  Solids 

8 

97.1 

23.7 

Aaeron  86 

* 

33.3 

17.8 

Ameron  S9HS 

* 

67.4 

36-4 

TS3236-26 

A 

32.9 

15.7 

Wash  Primer 

B 

1.7 

0.0 

TS3236-23 

A 

64.6 

4.4 

Topcoat 

B 

16.1 

0.0 

HIL-C-83286 

A 

65.7 

32.7 

B 

34.1 

0.0 

Ira thane  155 

A 

74.0 

4.3 

B 

17.6 

0.0 

BMS-10-11K 

A 

63.5 

45.1 

B 

1.7 

0.0 

Nonvolatile 
Vehicle,  Percent 

46.0 

67.0 

36.5 

59.6 

39.2 

20.5 

69.0 

41.8 

38.2 

82.5 

38.6 

62.5 

96.4 

96.2 

18.9 

48.7 

20.4 

1.7 

63.0 

16.1 

49.0 

34.1 

72.7 

17.6 

33.5 

1.7 


*Not  applicable 


3.  Nonvolatile  vehicle  content  (Federal  Test  Method  Std,  No.  141 B, 

Method  No.  4053,  1  February  1980).  This  method  was  used  to  calculate  the  non¬ 
volatile  vehicle  (NW)  content  from  the  sum  of  volatile  matter  and  the  pigment 
solids  content: 


X  NW  =  *  total  solids  -  1  pigment  ^  iQ0 
100  -  %  pigment 


4.  Gas  chromatographic  analysis.  A  gas  chromatogram  of  each  mixed  coat¬ 
ing  (as  a  liquid  before  curing)  and  of  each  thinner  was  prepared  using  the 
following  apparatus  and  conditions: 


Instrument : 

Detector: 

Column: 

Carrier  gas: 

Oven  temperature  profile: 


Detector  temperature: 
Injector  temperature: 
Sample  size: 


Hewlett-Packard  model  5880A 
Thermal  conductivity  detector 
Carbowax  1500,  10  ft 
Helium 

Initial  value  =  80°C 
Initial  time  *  3.00  minutes 
Temperature  increase  rate  s  20°/mi.nute 
Final  value  *  249°C 
Final  time  *  7.50  min. 

225°C 
225°C 
2.5  ul 


Sample  preparation:  Approximately  0.5  ml  of  the  mixed  sample  was 
thoroughly  mixed  with  3  ml  of  clean  pentane  in  a  test  tube.  The  sample  was 
centrifuged  at  high  speed  for  10  minutes  to  remove  the  resins,  pigments,  and 
other  nonvolatiles  from  the  solution.  A  sample  of  the  top  layer  of  the  solu¬ 
tion  was  drawn  with  a  syringe  and  injected  into  the  chromatograph.  The  gas 
chromatographic  analyses  are  shown  in  Appendix  A. 


5.  Infrared  analysis.  For  future  reference,  infrared  spectra  were  taken 
of  (1)  the  uncured  coating  vehicleb  and  (2)  the  thinners  used  for  their  appli¬ 
cation.  The  spectra  were  recorded  from  4000  to  200  cm"*  on  a  Perkin  Elmer 
283B  infrared  spectrophotometer  equipped  with  an  accessory  infrared  data  sta¬ 
tion. 


The  clear  liquid  vehicles  and  thinners  were  analyzed  in  a  demountable 
liquid  cell  with  potassium  bromide  windows  and  a  0.010-mn:  Teflon  spacer.  Pig¬ 
mented  materials  were  centrifuged  for  5  minutes  in  a  Sharpies  Super  Centrifuge 
Model  #T-41-24  to  obtain  a  vehicle  suitable  for  infrared  transmission 
analysis.  Except  for  removal  of  the  pigments,  the  vehicles  were  not  altered. 
The  instrumental  settings  were  as  follows: 

Scan  time  —  12  minutes 
Slit  program  —  normal 
Response  —  1 
Ordinate  expansion  —  1 
Abscissa  expansion  —  I 
Suppression  —  on. 

The  infrared  analyses  are  shown  in  Appendix  A. 
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4  TEST  RESULTS 


This  chapter  presents  and  discusses  the  physical  performance  of  unpaxnted 
and  painted  specimens  before  and  after  immersion  in  selected  liquids,  as  veil 
as  corrosion  resistance  of  each  coating  during  the  testing.  It  includes  tabu¬ 
lar  summaries,  general  cooxaents,  observations,  and  statistical  analyses.  Care 
must  be  taken  when  comparing  coatings  of  different  types  because  there  were 
different  modes  of  failure.  For  example,  in  the  Elcoraeter  adhesion  test,  some 
coating  systems  broke  cleanly  from  the  substrate,  while  other  coatings  broke 
between  the  primer  and  the  topcoat.  In  the  impact  testa,  some  flexible  coat¬ 
ings,  such  as  Irathane  155,  failed  when  the  topcoat  was  punctured.  Brittle 
coatings,  such  as  HIL-C-4556,  usually  failed  when  the  coating  cracked  at  the 
impact  point.  It  seems  acceptable  to  compare  similar  coatings  when  they  are 
applied  over  the  same  coating,  or  over  different  substrates. 


Physical  Tests 

Tabular  Siamary  -  Tasks  I  and  II 

Table  4  summarizes  the  results  of  the  four  different  tests  done  on  each 
specimen  tested  in  Tasks  I  and  II. 

General  Comments 

The  results  of  duplicate  tests  have  been  averaged.  For  the  Elccmeter 
adhesion  te6t,  the  units  are  given  in  hundreds  of  pounds  per  square  inch.  A. 
(+)  in  Table  4  indicates  a  case  in  which  the  glue  broke  before  the  paint 
failed.  The  glue  used  for  this  experiment  generally  broke  at  700  to  900  psi. 
For  the  scrape  adhesion  test,  the  maximum  of  the  testing  apparatus  vas  10  kg. 
Specimens  which  did  not  fail  at  10  kg  are  marked  10+.  Results  of  the  impact 
tests  are  given  for  room  temperature  (23°C)  and  4°C;  units  are  in  inch-pounds. 
The  maximum  range  of  the  test  vas  SO  in.~lb. 

Some  of  the  physical  test  data  were  analyzed  for  significant  differences 
by  using  analysis  of  variance  techniques.  Pertinent  averages  of  test  results 
for  the  various  coatings,  various  thicknesses,  and  various  substrates  were 
compared;  the  effect  of  immersion  was  also  evaluated.  Interactions  among 
these  factors  were  examined.  Tests  of  significance  were  conducted  at  the  0.05 
level  (i.e.,  it  Is  95  percent  certain  that  the  differences  observed  were  sig¬ 
nificant).  To  simplify  the  cask,  only  the  two  best  of  the  five  epoxy  coatings 
in  Task  I  were  evaluated  by  this  method.  The  Ameron  vinyl  system,  all  of  the 
urethane  systems,  and  all  of  the  Task  II  candidate  coatings  were  also 
evaluated. 

Performance  -  Task  I;  Ucnxpo lyuretfuxne-Coated  Specimens  -  Observations  and 
Statistical  Analyses 

1,  MIL-P-24441  and  HIL-C-4556  Systems.  A  statistical  analysis  was  per¬ 

formed  on  the  physical  test  data  of  these  two  epoxy-polyamide  coating  systems. 
The  MIL-P-24441  primer  and  topcoat  system  was  compared  with  the  HIL-C-4556 
system  for  5-,  10-,  and  15-mil  thicknesses,  and  immersed  versus  not  immersed 
for  substrate  a.  Of  the  five  epoxy  systems  tested  in  Task  I.  these  two  were 
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Physical  Test  Results 
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Table  4  (Cont'd) 
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obviously  the  best.  Figures  10  through  13  shov  the  data  for  these  two  coating 
systems. 


a.  Elcometer  adhesion  test:  no  analysis  performed  because  MIL-P- 
24441  was  obviously  better. 

b.  Scrape  adhesion  test:  no  analysis  performed  because  the  two 
coatings  are  equivalent  within  the  measuring  range  of  this  test. 

c.  Impact  test,  23°C:  differences  were  not  statistically  signifi¬ 
cant. 

d.  Impact  test,  4°C:  differences  were  not  statistically  signifi¬ 
cant.  Averages  are  shown  below  (in. -lbs): 
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No 
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2.  HIL-P-24441.  Because  the  MIL-P-24441  system  performed  better  than 

the  KIL-C-4556  sy steia  in  one  of  the  physical  tests  and  was  equal  to  the  KIL- 
C-4556  system  in  the  other  tests,  the  MIL-P-24441  data  were  analyzed  again  as 
a  separate  group.  The  data  were  statistically  tested  to  see  if  thickness, 
substrate,  or  90-day  immersion  in  seawater  affected  the  performance  of  the 
system  in  the  physical  tests.  No  statistically  significant  differences  were 
found.  Thus,  for  HIL-P-24441,  the  thickness  and  substrate  do  not  matter,  and 
immersion  of  the  specimen  in  seawater  for  9G  days  has  no  effect.  Averages  for 
the  four  physical  tests  are  give©  below: 
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+  means  strength  of  coating  exceeded  range  of  adhesion  tester. 
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Figure  10.  Eieometcr  adhesion. 
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Figure  11.  Scrape  adhesion. 
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Figure  13 


pact  40  C. 


3.  Aaeron  Vinyl  System.  The  data  for  the  vinyl  system,  Amercoat  99HS 
over  Aasercoat  86,  were  else  analyzed  to  see  if  thickness,  substrate,  or  immer 
sion  had  any  significant  effect. 

a.  Elcoaeter  adhesion  test:  no  statistically  significant  differ¬ 
ences  were  found  for  this  test.  The  results  of  this  test  are  rather  low,  but 
as  previously  stated,  the  glue  used  to  bond  the  circular  dolly  to  the  coating 
surface  may  have  mere  of  an  effect  on  this  coating  than  on  other  types.  Aver 
ages  (psi  x  100)  are: 
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Yes  No 
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b.  Scrape  adhesion  test:  since  14  of  the  IS  data  points  were  10  or 
greater,  no  comparisons  were  made.  Averages  (kg)  are: 


Thickness  (ails 
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c.  Impact  test  23°C:  statistically  significant  differences  were 
found  among  substrates  and  among  thicknesses.  The  15-ail  thickness  and  sub¬ 
strate  c  proved  to  be  the  best.  Immersion  in  seawater  had  no  effect  on  the 
impact  resistance  at  room  temperature.  The  average  test  values  (in. -lbs)  are 
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d.  Impact  test,  4°C:  statistically  significant  differences  were 
found  for  both  substrates  and  thicknesses.  As  in  the  impact  test  at  23°C,  15 
mils  and  substrate  c  were  the  best.  Averages  (in. -lbs)  are: 
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The  physical  test  data  fur  the  other  three  sonurethane  Task  I  coatings 
were  not  analysed  statistically.  However,  general  comments  about  the  test 
results  follow. 


4.  HIL-C-227 50  Topcoat  Over  K^t-P- 23377  Primer.  This  epoxy  system  ha 
very  poor  adhesion  and  impact  resist  .ice  when  applied  on  anodized  aluminum 
(substrate  a  and  b).  In  the  Elcometer  adhesion  test,  the  entire  coating  sy 
tea  was  removed,  leaving  the  substrate  exposed.  During  the  impact  tests,  i 


coating  debonded  within  the  primer  layer  in  an  area  around  the  point  of 
impact. 

5.  Steelcote  100  Percent  Solid  Topcoat  Over  HIL-P-23377  Primer.  The 
major  drawback  of  this  coating  is  its  poor  resistance  to  damage  by  impact. 

The  adhesion  of  this  coating  is  fair,  but  not  as  good  as  many  of  the  other 
coating  systems. 

6.  MXL-P-23377  Primer  —  Nb  Topcoat.  The  Eicometer  adhesion  test 
results  of  this  coating  are  good  when  the  coating  is  applied  over  chromate 
conversion  coated  aluminum.  Scrape  adhesion  test  results  were  good  ever  all 
substrates.  Impact  tests  over  chromate  conversion  costed  aluminum  were 
slightly  better  than  over  anodizing. 

Pevfoi*nance  -  Task  I:  Polyurethane  Coated  Specimens  -  Observations  and  Stat¬ 
istical  Analyses 

Test  data  for  the  four  urethanes  were  compared  to  see  if  differences 
existed  among  them  or  among  the  three  substrates.  The  effect  of  immersion  was 
also  examined. 

1.  Eicometer  adhesion  test:  the  Irathane  155  coating  system  was 
best;  substrate  c  gave  significantly  better  results.  The  results  are  shown  in 
Figure  14. 

2.  Scrape  adhesion  test:  coatings  were  signif icantly  different  and 
the  coating/ substrate  interaction  was  significant.  The  Hughson  tGpcoat  over 
the  Hughson  wash  primer  and  the  Hughson  topcoat  over  the  KIL-P-23377  primer 
with  substrate  c  gave  the  best  results.  The  result*  are  shown  in  Figure  15. 

3.  Impact,  23°C:  the  only  statistical  significance  was  found  for 
the  following  coatings  whose  averages  were: 

Hughson  over  Hughson  52.5  in. -lb 

Hughson  over  23377  38.5  in. -lb 

MIL-C-83286  8.7  in. -lb 

Ira thane  155  20.0  in. -lb 

4.  Impact,  4°C:  no  statistically  significant  differences  were 
found;  the  four  coatings  gave  similar  results,  the  three  substrates  gave  simi¬ 
lar  results,  and  iaasersion  had  no  effect. 

The  overall  results  indicate  that  all  of  the  polyurethane  coatings  per¬ 
formed  best  in  the  physical  tests  when  applied  over  chemical  conversion  coated 
aluminum  (substrate  c).  The  currently  used  Hughson  system  performed  well  in 
the  scrape  adhesion  and  impact  testa.  The  Hughson  topcoat  over  the  MIL-?*- 
23377  primer  also  did  well  in  these  tests.  The  Irat’nane  155  system  was  best 
in  the  Eicometer  adhesion  test.  The  Irathane  system  is  designed  to  be  a 
high-build  polyurethane  and  was  applied  at  a  thickness  of  15  ails.  Although 
the  test  results  for  the  scrape  adhesion  of  the  Irathane  155  were  somewhat 
low,  the  additional  thickness  of  this  coating  offers  protection  when  the  sur¬ 
face  has  been  damaged. 


COATING.  A  HUGHSON  TOPCOAT  AND  PRIMER 

B  HUGHSON  TOPCOAT/MIL -P-232577 
C  MIL-C-83286-'MIL-P-23377 
D  IRATHANE  I55/MIL-P -23377 

Figure  14.  Elcometer  adhesion  test  results  of  Task  I  urethane  coatings. 
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D  IRAVHANE  155/ MIL -P-2337  7 

Figure  15.  Scrape  adhesion  test  results  of  Task  I  urethane  coatings. 
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The  MIL-P-83286  topcoat  applied  over  MIL-P-23377  primer  performed  fairly 
well  when  applied  over  substrate  c.  However,  the  impact  resistance  of  the 
coating  noticeably  decreased  during  the  90-day  immersion  period  in  seawater. 

Performance  -  Task  II:  Nonpolyurethane~Coated  Specimens  -  Observations  and 
Statistical  Analyses 


The  physical  test  results  for  the  MIL-C-4556  system,  the  MIL-C-22750  top¬ 
coat  over  MIL-P-23377  primer,  and  the  BMS-10-11K  coatings  were  compared  for 
the  three  substrates  and  for  the  following  four  immersion  levels: 


Immersion  Level  1 
Immersion  Level  2 
Immersion  Level  3 
Immersion  Level  4 


not  immersed 
seawater 
Otto  fuel 

50  percent  seawater,  50  percent  Otto  fuel 


a.  Elcometer  adhesion  test:  statistically  significant  differences  were 
found  among  coatings,  among  substrates,  and  among  immersion  levels.  The 
coating/substrate  and  coating/immersion  level  interactions  were  significant 
(see  Figure  16),  Overall  averages  (psi  x  100)  are: 
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5.1 
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2.  Scrape  adhesion  test:  statistically  signiticant  differences  were 
found  among  coatings  and  among  substrates.  The  MIL-C-4556  system  had  the  best 
scrape  adhesion  properties,  and  all  of  the  coatings  adhered  best  to  substrate 
c,  chemical  conversion  coated  aluminum.  Figure  17  shows  the  relationship 
between  coatings,  substrates,  and  scrape  adhesion.  The  average  test  results 
(kg)  are: 


Coatinfc 

Average 

MIL-C-22750 

7.6 

MIL-C-4556 

10+ 

BMS-10-11K 

6.4 

Substrate 

Average 

a 

7.6 

b 

7.0 

c 

9.4 
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3.  Impact  test,  23°C:  Impact  resistance  is  not  as  important  for  Task  II 
coatings  as  it  is  for  Task  I.  The  coatings  for  Task  II  are  tested  for  appli¬ 
cation  on  the  interior  of  torpedo  fuel  tanka,  where  the  coated  surfaces  would 
not  be  subjected  to  impact  forces.  However,  for  the  sake  of  completeness, 
these  tests  were  conducted  and  the  the  results  analyzed.  There  were  no  signi¬ 
ficant  differences  found  among  coatings.  However,  substrate  c  gave  signifi¬ 
cantly  better  results  than  substrates  a  or  b.  Averages  (in. -lbs)  for  the  dif¬ 
ferent  substrates  are: 


Substrate 


Average 


a 

b 

c 


11.8 

5.3 

18.4 


4.  Impact  test,  4°C:  significant  differences  were  found  among  coatings 
and  among  substrates.  The  interactions  between  Task  II  coatings,  substrates, 
and  impact  test  results  are  shown  in  Figure  18.  The  best  impact  resistance 
was  seen  for  the  MIL-C-22750  system  over  substrate  c.  Average  test  values 
(in. -lbs)  for  the  coatings  and  substrates  are: 
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22.1 

MIL-C-4556 

9.8 

BMS-10-1XK 

22,1 

Substrate 

Aygrage 
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32.8 

COATING 

Figure  18,  Impact  at  40°C  test  results  of  Task  II  coatings. 


Immersion  Tests 

Tabular  Summary  -  Tasks  I  and  II 

Table  5  summarizes  the  results  of  the  immersion  tests.  Test  specimens 
were  immersed  for  90  days.  Task  I  specimens  were  immersed  in  aerated  syn¬ 
thetic  seawater.  Task  II  specimens  were  immersed  in  seawater,  Otto  fuel,  or  a 
mixture  of  50  percent  Otto  fuel  and  50  percent  seawater. 

Basis  for  Rating 

After  90  days  of  immersion  in  seawater,  Otto  fuel,  or  a  50/50  mixture  of 
the  two,  the  conditions  of  each  panel  were  rated  according  to  the  following 
criteria:* 

Excellent  —  No  visible  damage  to  the  aluminum  substrate.  Impact  points 
are  not  corroded  or  pitted,  although  the  paint  surface  may  be  damaged.  The 
score  lines  may  have  some  oxides,  but  there  is  no  pitting  or  widening  of  the 
lines. 

Good  —  Less  than  5  percent  of  the  surface  area  is  corroded.  The  20  or 
40  in. -lb  impact  points  show  some  corrosion  extending  not  more  than  1/8  in. 
from  the  center  of  the  impact  point.  Score  lines  widen  to  no  more  than  1/8 
in.  across. 

Fair  —  5  to  8  percent  of  the  surface  area  of  the  specimen  is  corroded. 
The  20  and  40  in. -lb  impact  points  show  corrosion  1/8  to  1/4  in.  from  the 

center  of  the  impact  and  usually  show  a  penetration  through  the  panel.  Five 

and  10  in. -lb  impact  points  show  a  smaller  area  of  corrosion.  Score  lines 
widen  up  to  1/4  in.  across  and  may  contain  some  areas  of  penetration  through 
the  panel. 

Poor  —  More  than  8  percent  of  the  surface  area  of  the  specimen  is  cor¬ 
roded.  Forty  and  20  in.-Ib  impact  points  are  corroded  more  than  1/4  in.  from 

the  center  of  the  impact  point  and  penetrate  through  the  panel.  Five  and  10 

in. -lb  impact  points  also  may  penetrate  through  the  panel.  Score  linec  widen 
to  more  than  1/4  in.  across  and  penetrate  through  the  panel  along  much  of 
their  length. 

These  criteria  were  used  for  all  specimens  including  damaged  and  undam¬ 
aged  specimens,  specimens  that  were  galvanically  coupled,  and  specimens  that 
were  not  galvanically  coupled.  Examples  of  specimens  illustrating  the  above 
criteria  are  given  in  Figure  19.  The  examples  shown  are  panels  which  have 
been  damaged  prior  to  immersion.  The  panel  on  the  left  was  impacted,  and  the 
panel  on  the  right  was  scored  prior  to  immersion.  In  Figure  19  the  reverse 
side  of  the  impacted  panel  is  shown  on  the  left.  At  the  point  of  40  in.- lb 
impact  the  coating  has  broken  away  from  the  panel.  However,  the  anodizing  is 
completely  intact  and  no  damage  has  occurred  to  the  aluminum  substrate.  Each 


*  ASTM  D  1654-79  describes  a  standard  method  for  evaluating  coated  specimens 
exposed  to  corrosive  environments.  The  standard  was  not  used  because  it  is 
more  appropriate  for  evaluating  specimens  less  severely  corroded  than  the 
galvanically  coupled  specimens  in  this  study. 
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Corrosion  Resistance  of  Specimens  during  90-Day  Imersion 
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Table  5  (Cont'd) 
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of  the  scored  panels  in  Figure  19  was  scored  twice  on  each  side.  The  score 
line  on  the  right  side  of  the  specimen  was  cut  down  to  bare  aluminum.  The 
score  line  on  the  left  of  each  specimen  was  intended  to  be  cut  down  to,  but 
not  through,  the  anodizing  or  conversion  coating.  However,  it  was  difficult 
to  control  the  depth  of  the  cut  and  the  bare  aluminum  substrate  was  often 
exposed.  Some  of  the  score  lines  cut  to  bare  aluminum  did  not  corrode  signi¬ 
ficantly  during  icsnersion.  When  the  bare  aluminum  is  exposed  to  seawater  some 
oxides  fora  on  the  surface  of  the  metal.  A  scored  panel  could  still  meet  the 
criteria  for  excellent  immersion  resistance  if  the  corrosion  has  not  extended 
beyond  the  original  score  line  in  width  or  in  depth.  Most  of  the  nongalvani- 
cally  coupled  scored  specimens  were  able  to  meet  this  criteria  as  did  many  of 
the  coupled  specimens.  This  may  have  been  due  to  the  corrosion  inhibitive 
properties  of  the  coatings  and  the  aluminum  pretreatments. 

Performance  -  Task  I:  Unseated  Specimens  -  Undamaged 

Uncoupled:  Bare  aluminum  panels  corroded  in  seawater  over  their  entire 
surface,  but  there  was  no  pitting.  Harcoat  anodized  sealed  panels  and 
unsealed  panels  performed  very  well  with  only  a  few  minor  areas  of  corrosion 
at  the  edges.  Chromate  conversion  coated  panels  had  a  few  areas  of  minor  cor¬ 
rosion  on  their  surface  and  near  the  edges. 

Coupled:  Bare  aluminum  panels  that  were  immersed  in  seawater  for  90  days 
corroded  and  pitted  over  their  entire  surface  (Figure  20).  Hardeoat  anodized 
scaled  panels  corroded  only  on  their  edges  (Figure  21).  Hardeoat  anodized 
unsealed  panels  corroded  on  their  edges  and  at  a  few  surface  spots  where  the 
anodizing  might  have  been  flawed  or  damaged  (Figure  22),  The  chromate  conver¬ 
sion  coated  panels  had  light  corrosion  on  their  surface.  None  of  these  spots 
were  large,  but  there  were  many  of  them  (Figure  23). 

Performance  -  Task  I:  Ucnpo lyure thane - Coa ted  Specimens  -  Observations 

The  corrosion  performance  of  the  nonpolyurethane-coated  paint  specimens 
in  Task  I  is  described  for  each  coating,  coupled  and  uncoupled,  damaged  and 
undamaged. 

1 .  HIL-P-24441 . 

Uncoupled:  Layers  of  topcoat  were  lost  at  impact  points  on  all  panels. 
The  damage  caused  by  impact  was  more  severe  on  the  panels  with  a  10-  and  15- 
mil  topcoat  thickness  than  on  the  5-ail-thick  coated  panels.  However,  corro¬ 
sion  of  the  aluminum  substrate  was  minimal.  The  primer  that  remained  intact 
protected  the  substrate  from  corrosion  in  the  seawater.  Neither  the  scored 
nor  the  undamaged  panels  exhibited  corrosion  or  loss  of  adhesion.  Nearly  all 
specimens  in  this  test  were  rated  excellent. 


Coupled*  The  chemical  conversion  coated  panels  corroded  more  at  impact 
points  than  did  the  anodized  sealed  and  anodized  unsealed  panels.  Thickness 
had  less  effect.  Areas  of  penetration  through  the  panel  at  impact  points  were 
quite  large,  up  to  1/3  in.  from  the  impact  point.  Panels  coated  with  5  mils 


Figure  22.  Hardecat  anodized  unsealed  aluminum  after  90-day 
immersion  in  seawater. 


Figure  23.  Chrooate  conversion  coated  aluminum  after  90-day 
i^ersion  in  seav3ter. 


of  topcoat  showed  better  corrosion  resistance  at  score  lines  than  did  the  10- 
and  15-rail  coated  panels.  Undamaged  panels  showed  only  occasional  small  areas 
of  corrosion  at  corners,  and  most  were  rated  excellent. 

2.  MIL-C-4556 

Uncoupled:  There  was  no  corrosion  or  loss  of  adhesion  around  the  score 
lines.  Impacted  panels  showed  the  removal  of  the  topcoat  at  20  and  40  in. -lb 
impact  points,  but  only  the  40  in. -lb  area  corroded  during  immersion.  The 
10-tail-thick  coated  panels  seemed  to  have  better  resistance  to  impact  damage 
than  either  the  5-  or  15-sil-lhick  coatings,  but  all  three  were  rated  good. 

Coupled:  Coating  thickness  had  no  effect  on  the  corrosion  at  score  lines 
or  impact  points.  Impact  points  corroded  more  on  the  reverse  of  the  point  of 
impact  than  on  the  front.  Undamaged  panels  were  rated  good  to  excellent. 

3.  KIL-C-22750. 

Uncoupled:  This  coating  adhered  very  poorly.  Scratching  with  a  finger¬ 
nail  could  remove  large  sections  of  the  coating  along  a  score  line.  The  pri¬ 
mer  readily  debonded  from  the  substrate  (anodized  chromate  sealed  aluminum). 
Blisters  up  to  3/4  in.  in  diameter  formed  around  impact  points  and  at  edges. 
The  aluminum  beneath  the  blisters  was  significantly  pitted  and  corroded. 
Coating  thickness  did  not  appear  to  affect  the  deterioration  of  the  specimen. 

Coupled:  Blisters  formed  around  score  lines  and  impact  points.  Pitting 
at  impact  points  was  severe.  Thickness  had  no  apparent  effect  on  the 
coating's  rate  of  deterioration. 

4.  The  100  Percent  Solids  Epoxy  Coating 

Uncoupled;  Panels  showed  no  blistering  or  corrosion  except  at  impact 
points.  The  10-mil-thick  costed  panels  showed  greater  resistance  to  corrosion 
at  impact  points  than  did  either  Che  5-  or  15-mil-thick  coatings,  but  the 
differences  were  small.  The  thinner  coating  did  not  cover  adequately,  and  the 
thicker  coating  was  sore  likely  to  crack. 

Coupled:  Impact  points  corroded  to  the  extent  that  the  aluminum  was 
penetrated  except  on  the  15-tail-thick  coating-  Scored  panels  corroded  equally 
for  all  thicknesses  and  were  rated  fair. 

5.  MXL-P-23377, 

Uncoupled:  Undamaged  and  impacted  panels  were  fair  to  good,  but  scored 
panels  were  rated  excellstt.  The  color  was  somewhat  faded  because  the  chro¬ 
mates  leached  into  the  seawater.  Impact  points  corroded  on  the  reverse  side 
of  the  panel.  Some  pitting  of  the  aluminum  was  observed  at  these  points. 


Coupled:  Chromate  conversion  coated  panels  shoved  greater  resistance  to 
corrosion  at  points  of  impact  than  did  either  of  the  anodized  substrates. 
However,  the  differences  observed  were  quite  small.  Score  lines  shoved  excel¬ 
lent  resistance  to  corrosion  over  all  three  substrates. 

6.  Ameron  Vinyl  System 

Uncoupled:  Overall,  this  coating  had  good  resistance  to  corrosion  in 
seavater.  There  vis  no  loss  of  adhesion  around  score  lines,  except  when 
thicker  coatings  (10  or  15  mils)  were  applied  over  the  chemical  conversion 
treated  aluminum.  Impact  points  exhibited  some  corrosion  over  anodizing. 
Resistance  of  the  impact  points  to  corrosion  depended  on  coating  thickness. 
Fifteen  tails  of  topcoat  provided  the  best  protection  from  impact  damage. 

Coupled:  Coating  thickness  had  little  effect  on  the  corrosion  caused  by 
score  lines.  All  vere  rated  fair  to  good.  However,  thicker  coatings  did  pro¬ 
vide  greater  corrosion  protection  at  impact  points.  The  Ameron  coating  was 
applied  to  one  group  of  panels  very  early  in  the  panel  preparation  period,  and 
to  the  rest  of  the  panels  several  weeks  later.  Thus,  some  of  the  panels  vere 
allowed  a  much  longer  drying  titae  before  insaersion.  Those  with  the  shorter 
drying  period  tended  to  blister,  and  those  with  the  longer  drying  period  did 
net.  Although  there  vere  few  blisters,  it  would  be  advisable  to  allow  the 
longest  possible  drying  time  before  putting  Ameren-coated  torpedoes  in 
seawater. 

Performance  -  Task  I:  Polyurethane-Coated  Specimens  -  Observations 

1.  Hughson  Polyurethane  Topcoat 

The  Hughson  polyurethane  topcoat  TS  3236-23  A/B  Revision  was  applied  over 
both  the  Hughson  wash  primer  TS  3236-26  and  the  Deft  KIL-P-23377. 

Uncoupled:  Test  panels  primed  with  the  wash  primer  had  more  of  a  ten¬ 
dency  to  form  small  blisters  between  the  primer  and  the  substrate.  Also, 
hardcoat  anodized  panels  had  sore  blisters  than  did  the  chromate  conversion 
coated  panels.  In  all  other  ways  the  panels  scene d  to  perform  equally  in  a 
SO-day  seavater  immersion. 

Coupled;  All  panels  had  a  tendency  to  blister  along  the  edges,  corners, 
and  imps  t  points.  However,  the  panels  primed  with  the  Hughson  wash  primer 
formed  more  randomly  located  blisters  on  the  surface  of  the  panels.  The  best 
system  for  resistance  to  corrosion  at  score  lines  was  the  MIL-C- 23377  primer 
over  the  anodized  unsealed  aluminum,  but  this  system  had  the  least  resistance 
to  corrosion  around  impact  points.  Overall,  the  HI L-C-23377  primer  performed 
better  than  the  wash  primer,  and  both  systems  performed  better  when  applied 
over  chromate  conversion  coated  aluminum. 
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2.  MIL-C-83286 . 


Uncoupled:  The  panels  pretreated  with  hardcoat  anodizing  (sealed  or 
unsealed)  exhibited  loss  of  adhesion  around  score  lines,  but  were  still  rated 
good  to  excellent.  The  chromate  conversion  coated  panels  had  no  such  loss  of 
adhesion.  The  chemical  conversion  coated  panels  also  showed  no  corrosion  at 
impact  points  (rated  excellent),  while  the  other  panels  showed  some  pitting 
(rated  good).  Undamaged  panels  performed  well  over  all  three  substrates. 

Coupled:  All  types  of  panels  showed  corrosion  at  edges  and  corners; 
thus,  none  was  rated  excellent.  The  chromate  conversion  coated  panels  had  the 
greatest  corrosion  resistance  at  impact  points.  Scored  panels  showed  equal 
performance  over  all  three  substrates  and  were  rated  fair. 

3.  Trathane  155. 

Uncoupled:  The  coating  looked  dirty  after  immersion  and  did  not  come 
clean  when  the  panels  were  rinsed.  Overall,  the  corrosion  resistance  of  the 
coating  was  excellent.  There  was  no  blistering  or  corrosion  anywhere.  All 
uncoupled  panels  were  rated  excellent.  There  was  no  loss  of  adhesio..  of  the 
coating  near  the  score  lines.  All  three  substrates  showed  equally  excellent 
performance.  Impact  areas  had  a  break  in  the  topcoat,  but  the  primer  was 
intact,  and  no  corrosion  was  evident. 

Coupled:  Impact  points  had  high  resistance  to  corrosion  and  were  rated 
good  to  excellent.  Scored  lines  had  fair  to  good  corrosion  resistance.  Chro¬ 
mate  conversion  coated  panels  were  rated  higher  than  anodized  sealed  and  ano¬ 
dized  unsealed  panels. 


Performance  ~  Task  II:  Uncoated  Specimens  -  Observations 


Seawater:  For  a  discussion  of  the  performance  of  uncoated  specimens  in 
seawater,  see  Performance  -  Task  I:  Unccated  Specimens. 

Otto  Fuel:  None  of  the  specimens,  uncoupled  or  coupled,  corroded  in  Otto 

fuel. 


Fifty  percent  seawater/ 50  percent  Otto  fuel:  Uncoupled  bare  aluminum 
panels  corroded  over  the  ‘.tire  surface  exposed  to  the  seawater  layer  and  in  a 
few  areas  exposed  to  the  Octo  fuel  layer.  There  was  no  deep  pitting.  Uncou¬ 
pled  hardcoat  am  iized  sealed  and  unsealed  panels  did  not  visibly  corrode. 
Uncoupled  chromate  conversion  coated  panels  corroded  in  a  few  a^eas  in  both 
the  seawater  and  the  Utto  fuel  layer.  Coupled  bare  aluminum  corroded  heavily 
in  the  seawater  layer  and  more  lightly  in  the  portion  immersed  in  the  Otto 
fuel  layer  (Figure  24).  The  coupled  anodized  sealed  aluminum  test  panels 
corroded  on  the  edges  at  the  warei/fuel  interface  and  slightly  in  the  scavatet 
layer  (Figure  25) .  Tiie  coupled  anedized  unsealed  panels  corroded  more  than 
the  sealed  panels,  and  they  corroded  mostly  on  the  edges  (Figure  26).  The 
coupled  chromate  conversion  coated  panels  were  corroded  over  much  of  the 
surface  exposed  to  the  seawater,  witii  more  concentrated  areas  of  eorrosio;  at 
the  seawater /fuel  interface  (Figure  27). 
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Figure  24.  Bare  aluminum  after  90-day  immersion  in  50  percent 
seawater/ 50  percent  Otto  fuel. 


Figure  26*  Kardcoat  anodized  unsealed  aluminum  after  90^day 

iannersion  in  50  percent  seawater/ 50  percent  Otto  fuel. 


Figure  27.  Chroiaate  conversion  costed  alusninuTn  after  90— dav  inaaersion 
in  50  percent  seawater/50  percent  Otto  fuel. 


Performance  -  Task  II:  Nonpoly  urethane-  'oaten  .Ipe'-zmrns  -  cs>  rv  : - 

The  coatings  discussed  below  were  tested  for  use  on  the  interior  of  L..- 
torpedo  fuel  tanks.  These  coatings  were  immersed  in  artificial  seawater,  Otto 
fuel,  and  a  mixture  of  50  percent  Otto  fuel  and  50  percent  seawater.  The  sea¬ 
water  tanks  were  aerated;  for  the  seawater  and  Otto  fuel  mixture,  the  seawater 
layer  (the  upper  layer)  was  continuously  aerated. 

1.  MIL-C--227  50 . 

Seawater:  Uncoupled  panels  had  excellent  resistance  to  corrosion.  How¬ 
ever,  this  coating  system  adhered  very  poorly.  One's  fingernail  could  be  used 
to  easily  peel  paint  from  the  anodized  sealed  and  unsealed  panels.  The  chro¬ 
mate  conversion  coated  panels  had  good  adhesion  between  the  primer  and  sub¬ 
strate.  Coupled  panels  performed  very  poorly.  There  was  much  loss  of  metal, 
and  many  panels  had  holes  penetrating  through  the  aluminum  to  the  other  side. 
With  anodized  aluminum,  blisters  spread  out  from  impact  points  and  score 
lines.  The  blisters  did  not  seem  to  greatly  accelerate  the  corrosion  of  the 
area  —  the  anodizing  was  still  intact  on  the  surface  of  the  aluminum. 

Otto  fuel:  This  coating  is  compatible  with  Otto  fuel.  No  corrosion  or 
softening  of  the  film  was  evident. 

Fifty  percent  seawater/ 50  percent  Otto  fuel:  Anodized  sealed  and  unsealed 
panels  suffered  more  corrosion  at  edges  and  corners  than  did  chemical  conver¬ 
sion  coated  panels.  However,  the  chromate  conversion  coated  panels  corroded 
more  at  the  Otto  fuel/seawater  interface  than  did  the  anodized  panels.  Uncou¬ 
pled  panels  were  rated  good  to  excellent.  Coupled  panels  were  rated  fair  to 
poor. 

2.  MIL-C-4556. 

Seawater:  There  was  some  loss  of  adhesion  near  score  lines  on  uncoupled 
panels.  This  problem  was  more  severe  on  chromate  conversion  coated  panels 
than  on  hardcoat  anodized  panels.  Undamaged  panels  showed  no  corrosion.  Cou¬ 
pled  panels  corroded  only  at  score  lines,  and  the  extent  of  corrosion  was 
equal  for  all  three  substrates.  Uncoupled  panels  were  rated  good  to  excel¬ 
lent.  Coupled  panels  were  rated  fair  to  good. 

Otto  fuel:  Uncoupled  and  coupled  panels  showed  no  corrosion,  loss  of 
adhesion,  or  deterioration  of  the  coating. 

Fifty  percent  seaw3ter/50  percent  Otto  fuel:  Uncoupled  scored  panels 

showed  some  small  blistered  areas  along  the  fuel/seawater  interface.  Undam¬ 
aged  panels  had  no  blisters.  Coupled  panels  showed  the  greatest  corrosion  on 
the  chemical  conversion  coated  panels;  the  damage  on  these  panels  was  quite 
severe  —  nearly  70  percent  of  the  coating  was  removed  and  much  of  the  alumi¬ 
num  had  corroded  away.  On  the  anodized  unsealed  panels  about  20  percent  of 
the  coating  was  removed,  and  on  the  anodized  sealed  panels  about  5  percent  was 
removed.  Uncoupled  panels  were  rated  good  to  excellent.  Coupled  panels  were 
rated  fair  to  excellent  if  undamaged,  and  poor  if  scored  before  immersion. 


3.  BMS-10-11K. 


Seawater:  Uncoupled  panels  showed  no  corrosion  and  no  loss  of  adhesion 
around  score  lines.  Undamaged  panels  also  were  rated  excellent.  Coupled 
panels  were  rated  poor  to  fair.  Pits  up  to  1/4  in.  in  diameter  were  spread 
over  the  entire  surface  of  the  panels.  This  coating  was  applied  as  a  one-coat 
system  without  a  primer;  any  small  pinholes  or  other  defects  in  the  film  were 
not  covered  by  additional  coats.  Coupled  panels  with  score  lines  had  fewer 


CONCLUSIONS 


Task  1:  Toroedo  Exterior  Coatines 


1.  The  epoxy  systems,  MIL-P- 24441  and  MIL-C-4556,  were  obviously  the 
best  of  the  five  epoxy  coatings  that  were  tested  in  Task  I,  Both  of  these 
epoxies  and  the  epoxy  primer  HIL-P-23377  had  excellent  scrape  adhesion.  MIL- 
P-24441  was  superior  to  all  coatings  in  the  Elconeter  adhesion  test.  The 
impact  strength  of  MIL-P-24441  and  MIL-C-4556  were  approximately  the  same 
before  immersion  in  seawater.  MIL-C-4556  was  not  quite  as  resistant  after 
immersion.  The  impact  resistance  of  MIL-P-23377  was  much  inferior  to  either 
of  the  other  two  epoxies.  There  was  no  advantage  gained  in  performance  when 
MIL-P-24441  was  applied  in  thicknesses  greater  than  5  mils.  Actually,  the 
surface  of  the  coating  chipped  more  easily  at  the  greater  thicknesses.  The 
MIL-P-24441  also  had  the  best  corrosion  resistance.  Based  on  the  test 
results,  the  MIL-P-24441  system  has  the  best  overall  performance  of  all  of  the 
ten  candidate  coating  systems  tested  for  Task  I. 

2.  The  Ameron  vinyl  system  (Amercoat  86  primer  and  Amercoat  99HS  top¬ 
coat)  provides  a  high  degree  of  corrosion  protection,  has  good  impact  resis¬ 
tance  and  adhesion,  and  (because  it  is  a  solution  vinyl)  should  be  easily 
repaired  when  the  original  coating  is  damaged.  A  15-mil-thick  coating  of  this 
vinyl  provides  much  greater  protection  against  damage  by  impact  than  does  a 
10-  or  5-mil  coat.  However,  the  15-mil-thick  coat  has  a  much  longer  drying 
time;  adequate  time  must  be  allowed  before  immersing  this  system.  Although 
the  MIL-C-4556  system  may  have  had  a  slightly  better  overall  performance  than 
the  Ameron  system,  the  latter  is  preferred.  The  HIL-C-4556  system  has  corro¬ 
sion  resistance,  impact  resistance,  and  adhesion  which  are  only  slightly  infe¬ 
rior  to  the  MIL-P-24441  system.  The  Ameron  system  has  properties  of  flexibil¬ 
ity  and  repairability  which  are  not  seen  in  the  two  epoxy  systems.  These  pro¬ 
perties  make  the  Ameron  system  a  good  second  choice  of  the  ten  systems  tested 
for  Task  I. 


3.  Of  the  four  polyurethane  systems  tested  for  Task  X,  Irathane  155  had 
the  best  adhesion  according  to  the  Elcometer  adhesion  test.  Irathane  155 
applied  over  MIL-P-23377  primer  showed  superior  corrosion  resistance  during 
the  90-day  seawater  immersion  tests.  The  Irathane  coating  is  a  high-build 
polyurethane  topcoat  and  was  applied  at  a  dry  film  thickness  of  15  mils.  The 
Irathane  polyurethane  system  would  be  ranked  third  among  the  candidate  coat¬ 
ings  for  Task  I. 

4.  The  MIL-P-23377  primer  does  not  adhere  well  to  anodized  surfaces.  If 
it  is  to  be  used,  it  should  be  applied  only  to  chromate  conversion  coated 
aluminum.  When  this  primer  was  applied  to  anodized  surfaces,  there  were  more 
blisters  and  much  poorer  adhesion  and  impact  resistance  than  when  it  was 
applied  to  the  chromate  conversion  coated  aluminum. 

5.  The  effect  of  coating  thickness  or  type  of  substrate  on  performance 
depends  on  the  specific  coating  system  that  is  used.  There  is  no  one  thick¬ 
ness  or  aluminum  pretreatment  that  is  best  in  all  cases. 


Of  the  three  candidate  coating  systems  for  Task  II,  the  MIL-C-4556  system 
had  the  best  overall  performance  when  applied  over  the  dichromate  sealed, 
hardcoat  anodized  7075  series  aluminum.  When  undamaged,  this  coating  is 
highly  resistant  to  deterioration  in  Otto  fuel,  seawater,  or  a  mixture  of  the 
two.  When  the  coating  is  physically  damaged,  it  does  not  break  away  from  the 
damaged  area,  but  remains  intact  even  if  corrosion  has  undercut  the  coating. 


D  RECOMMENDATIONS 


This  study  vas  very  limited  in  the  number  of  coating  systems  evaluated. 
The  coatings  tested  represent  different  types  of  coatings  and  different  physi¬ 
cal  properties.  The  results  of  the  tests  on  these  coatings  may  be  used  to 
select  additional  coatings  for  testing  to  find  the  coating  system  which  will 
best  protect  torpedo  exteriors  and  the  interior  fuel  tank.  Consideration 
should  be  given  to  the  following  types  of  coatings: 

1.  Vinyl-modified  epoxies.  Coatings  of  this  type  are  rather  new,  but 
have  potential.  Epoxy  coatings  have  a  high  degree  of  chemical  resistance,  but 
they  tend  to  be  somewhat  brittle  and  inflexible.  Incorporating  vinyl  polymers 
into  epoxy  coatings  could  increase  the  flexibility  and  impact  resistance  of 
epoxy  coatings,  while  retaining  seawater  immersion  resistance. 

2.  Vinyl  coating  systems.  The  high  solids  vinyl  system  manufactured  by 
Ameron  performed  well,  but  was  somewhat  difficult  to  apply  and  required  a  lot 
of  thinning.  Alternate  vinyl  systems  should  be  evaluated,  including  some 
low-solids  vinyl  topcoats. 

3.  Alternative  primers.  The  MIL-P-23377  epoxy  primer  manufactured  by 
Deft  does  not  adhere  well  to  anodized  surfaces.  It  is  reconsnended  that  other 
primers  be  evaluated  to  find  a  suitable  substitute  that  will  have  satisfactory 
adhesion  to  anodized  aluminum.  Possible  primers  include  the  Boeing  specifica¬ 
tion  BMS-10-11K,  MIL-P-24441  Formula  158,  or  possibly  a  wash  primer  such  as 
DOD-P-15328 . 

4.  Alternative  application  methods.  The  initial  study  was  limited  to 
coatings  applied  by  conventional  spraying  methods.  Possible  alternative  coat¬ 
ings  may  include  electrostatically  applied  epoxy  coatings,  plasma-sprayed 
coatings,  or  low-level  heat  cured  coatings. 

In  addition  to  materials,  there  are  several  recommendations  regarding 
test  procedures.  These  include  both  modifications  to  test  procedures  previ¬ 
ously  used  and  the  development  of  new  test  procedures.  The  following  changes 
are  recommended: 

1.  The  number  of  test  specimens  per  coating  should  be  increased  from  16 
to  18.  Six  panels  each  should  be  allowed  for  non immersion,  galvanically  cou¬ 
pled  immersion,  and  uncoupled  inversion  tests.  Previously  only  four  panels 
were  allowed  for  non immersion  tests.  Statistical  comparisons  are  more  useful 
when  equal  numbers  of  specimens  are  used  for  each  test. 

2.  The  characterization  of  the  candidate  coatings  by  standard  gas 
chromatographic  analysis  is  only  able  to  determine  the  number  and  relative 
amounts  of  volatile  materials  in  each  coating.  An  alternative  procedure 
called  pyrolysis  gas  chromatography  is  now  possible  or.  equipment  recently 
acquired  by  CERL.  In  this  technique,  3  solid  sample  of  coating  fils  is  pyro- 
iized  under  controlled  conditions,  and  the  volatile  pyrolysis  products  are 
analyzed  by  gas  chromatography.  The  resulting  chromatogram  is  characteristic 
of  the  particular  coating  formulation.  This  characterization  method  should  be 
used  in  conjunction  with  the  infrared  analysis  techniques  used  in  this  study. 


3.  The  major  limitation  of  the  F.lcotneter  adhesion  test  is  the  adhesive 
used  tc  bond  the  aluminum  dolly  to  the  surface  of  the  coating.  Although  the 
best  available  adhesives  were  used,  it  was  found  that  their  strength  was  often 
less  than  the  bond  strength  of  the  test  coatings  to  the  subtrate.  This  test 
does,  however,  differentiate  between  coatingo  with  very  low  adhesion  and  those 
with  good  adhesive  strength.  This  test  therefore  continues  to  be  an  accept¬ 
able  method  for  measuring  the  adhesive  strengths  of  coatings. 
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Figure  A12.  Gas  chromatogram;  Hughson  TS  3236-26  wash  primer 
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Figure  A16.  Gas  chroma togras:  BMS-I0-11K 
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APPENDIX  B: 


ADDITIONAL  VENDOR  INFORMATION 

MATERIAL  SAFETY  DATA  SHEET 

FOR  COATINGS.  RESINS  ANO  RELATEO  MATERIALS  c 

Section  I 

wnomiw  Mobile  Paint  Mfg.  Co.,  Inc.  atncrmr  02/16/83 

stKUTAOonc»  P.  O.  Box  717  orr. Hitt. »* *> tr coot  Theodore,  AL.  36590 

tuvtoixr mi*<K *>  (205)  653-0110  noouctcun  Catalyst 

MOKurxMitunooo  (205)  6S3-0110 

coct ctufoim  35-EF-51  iwiwm  MIL-P-24441/2A,  3A,  4A,  5A,  6A 

Component  B 


Section  li— HAZARDOUS  INGREDIENTS 


*G*£0»t*T 

C.A.S.  NO. 

ram 

TLV- 

PPM 

-TWA 

Mg/M3 

VAPOR 

PRESSURE 

Super  Hi  Flash  Naphtha 

64742-94-5 

24.8 

35 

NA* 

3.0 

•Not  applicable 

ection  III— PHYSICAL  DATA 


tov><«u«(  315-400“F  *vo*e(««4T  Oicmwiimmmi 


OKo-t*.  X«CtMt«OM*U  wfOHHt* 

n',M*  34.7  10.17 

Section  IV— FIRE  AND  EXPLOSION  HAZARD  DATA 


n»M6*itTcun#iCAnoN  OSHa  Combustible  Liquid  m*, »om*F  120*C  ltl  0.5 

Class  11  (SETAFLASH) 

CAT^c*V^C  WC*A 

XfO*~  p&h  )tc*r 

*0***  MutH  fOB 

i*«i»»f«CAnc«oK>ihu«!»  During  emergency  conditions  overexposure  to 
decomposition  products  may  cause  a  health  hazard.  Symptoms  may  not  be 
immediately  apparent.  Obtain  medical  attention.  Keep  containers  tightly 
closed.  Isolate  from  heat,  electrical  equipment,  sparks  and  open  flame. 
Closed  containers  may  explode  when  exposed  to  extreme  heat.  Application  to 
hot  surfaces  requires  special  precautions. 

Full  protective  equipment  including  self-contained  breathing  apparatus 
should  be  used.  Water  spray  may  be  ineffective.  If  water  is  used,  fog 
nozzles  are  preferable.  Water  may  be  used  to  cool  closed  containers  to 
prevent  pressure  build-up  and  possible  autoignition  or  explosion  when  ex¬ 
posed  to  extreme  heat. 


Figure  Bl,  Vendor  information:  MIL-F-24441 


Section  V— HEALTH  HAZARD  DATA  3S-EF-51 


prtct*  or  ouoniM 

Inhalation:  Anesthetic.  Excessive  inhalation  can  cause 
irritation  of. the  respiratory  tract,  or  acute  nervous  system  depression 
characterized  by  the  following  progressive  steps:  Headache,  dizziness, 
staggering  gait,  confusion,  unconsciousness,  coma  and  even  asphyxiation. 

Skin  Contact:  Moderate  irritation,  defatting, 
dermatitis.  May  be  a  sensitizer  in  some  individuals. 

Eye  Contact:  Severe  irritation,  redness,  tearing, 
blurred  vision.  May  be  a  sensitizer  in  some  individuals. 

Ingestion:  Gastrointestinal  irritation,  nausea, 
vomiting,  and  diarrhea. 


cKuctXTwerMsruoMoctams  Inhalation:  Remove  to  fresh  air.  Administer  oxygen 
if  breathing  is  difficult.  Restore  breathing  if  necessary.  Treat 
symptomatically.  Consult  a  physician. 

Splash  (skin) :  Wash  affected  areas  with  soap  and 
water.  Remove  and  launder  contaminated  clothing.  Consult  a  physician  if 
irritation  persists. 

Splash  (eyes) :  Flush  immediately  with  large  amounts 
of  water  for  at  least  IS  minutes.  Take  to  a  physician  for  medical 
treatment. 

Ingestion:  Drink  1  or  2  glasses  of  water  to  dilute. 
Do  not  induce  vomiting.  Aspiration  of  material  into  lungs  due  to  vomiting 
can  cause  chemical  pneumonitis  which  can  be  fatal.  Consult  physician  or 
poison  control  center  immediately.  Treat  symptomatically. 


Section  VI— REACTIVITY  DATA 


tT«K<rr  on**!,**  Xfwmc  High  temperatures 

xaeutwi »>«■.•■»* ■» Oxidizing  materials 

May  produce  hazardous  fumes  when  heated  to  decomposition 

as  in  welding. 

mt**oous o*“»occv*  Kt  reoc 


Figure  Bl  (Cont'd) 
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Section  VII— SPILL  OR  LEAK  PROCEDURES  35-EF-51 


rmtoKi«txiHCAjtmrtw>t»«fUAJnM»iruo>  „ _ _  , ,  _  ,  ,  ...  ... 

Remove  all  sources  of  ignition  Cflarae,  hot 
surfaces,  and  electrical,  static,  or  frictional  sparks.)  Avoid 
breathing  vapors-  Ventilate  area.  Contain  and  remove  with  inert 
absorbent  and  non-sparking  tools. 


Dispose  of  in  accordance  with  local,  state,  and  federal 
regulations.  Incinerate  in  approved  facility.  Do  not  incinerate  closed 
containers. 


Section  VIII— SPECIAL  PROTECTION  INFORMATION 


MCSftrtMQ *r  P*OttCTOW 

In  outdoor  or  open  areas  use  Bureau  of  Mines  approved 
mechanical  filter  respirator  to  remove  solid  air  borne  particles  of 
overspray  during  spray  application.  In  restricted  ventilation  areas  use 
Bureau  of  Mines  approved  chemical-mechanical  filters  designed  to  remove 
a  combination  of  particulate  and  gas  and  vapor.  In  confined  areas  use 
Bureau  of  Mines  approved  air  line  type  respirators  or  hoods. 

*«!«><>.  application  areas  should  be  ventilated  in  accordance  to  OSHA 

Regulation  29CFR  1910.94,  1910.107,  1910.108.  Remove  decomposition 
products  formed  during  welding  or  flame  cutting  cn  surface  coated  with 
this  product.  If  baking  vent  fumes. 

«wnct~c  &rt* j  Recommended  w«m*«coMern<  ««*»«■*  use  protective  outer- 

o>  safety  eyewear  including  wear  and  prevent  prolonged  skin 
splash  guards  or  side  shields  contact  with  contaminated  clothing, 

recommended 


Section  IX — SPECIAL  PRECAUTIONS 


Do  not  store  above  120*F.  Store  large  quantities 
only  in  buildings  designed  tc  comply  with  OSKA  1910. 10$.  Keep  closures 
tight  and  container  upright  to  prevent  leakage.  Do  not  store  or  use  near 
heat,  sparks  or  flame.  Never  use  pressure  to  empty.  Drum  must  not  be 
washed  out  or  used  for  other  purposes.  Drums  of  this  material  should  be 
grounded  when  pouring. 

Do  not  get  in  eyes.  Avoid  skin  contact.  Can  cause  allergic 
respiratory  reaction.  Can  cause  allergic  skin  reaction.  Prevent  prolonged 
or  repeated  breathing  of  vapor  or  spray  mist.  Avoid  breathing  of  sanding 
dust.  Close  container  after  each  use.  Do  not  handle  until  the 
manufacturers  safety  precautions  have  been  read  and  understood.  Keep  out 
of  reach  of  children. 


Figure  Bl  (Cont'd) 
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Section  I 


Mobile  Paint  Mfg*  Co*,  Inc* 


*n*rr  AOOflCU  P»  0.  Box  71? 


o»t.jnAit««2^c»c  Theodore,  AL*  3 6590 


M««N cr  uuwx  NO.  (205)  653-0110 

mowhxkummxi  (205)  653-0110 


WM/lCMO  coot  otMKMO) 


40-AW-23 


wxxetcuu  Epoxy  Coating 

nilMrraTt  MIL-P-2444 1/3A  White  T/C  Formula 
152-Component  A 


Section  II— HAZARDOUS  INGREDIENTS 


_  PERCENT  TLV-TWA  VAPOR 

C.A.5.  NO.  By  FPM  Mg/M3  PRESSURE 


Section  lit— PHYSICAL  DATA 


240-247‘F 


wMtMn 


rv4#Wt04«U^t  QfcOMtt.tMMC *9<* 


K*CW  %QUt>U 


&ntaw 


Section  IV— FIRE  AND  EXPLOSION  HAZARD  DATA 


nAw— utr a>u«c«iot  CSha  -  Combustible  liquid  #u*.»am*F  105*F  ui  i.4 

Class  2  (SETAFLASH) 

OIKUWCK O* 

)r»<ci>o.-  Jrco,  Irem  0»H*  0©&«* 

'CM<  CXUCH  IOH 

wAHWwimeMxwiMt  During  emergency  conditions  overexposure  to 
decomposition  products  may  cause  a  health  hazard.  Symptoms  may  not  be 
immediately  apparent.  Obtain  medical  attention.  Keep  containers  tightly 
closed.  Isolate  froa  heat,  electrical  equipment,  sparks  and  open  flame. 
Closed  containers  may  explode  when  exposed  to  extreme  heat.  Application  to 
hot  surfaces  requires  special  precautions. 

Full  protective  equipment  including  self-contained  breathing  apparatus 
should  be  used.  Water  spray  may  be  ineffective.  If  water  is  used,  fog 
nozzles  are  preferable.  Water  »ay  be  used  to  cool  closed  containers  to 
prevent  pressure  build-up  and  possible  autoignition  or  explosion  when  ex¬ 
posed  to  extreme  heat. 


Figure  B1  (Cont'd) 
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Section  V—  HEALTH  HAZARD  DATA  40-AW-23 


Inhalation:  Anesthetic.  Excessive  inhalation  can  cause 
irritation  of  the  respiratory  tract,  or  acute  nervous  system  depression 
characterised  by  the  following  progressive  steps:  Headache,  dissiness, 
staggering  gait,  confusion,  unconsciousness,  coma  and  even  asphyxiation. 

Skin  Contact:  Moderate  irritation,  defatting, 
dermatitis.  May  be  a  sensitizer  in  some  individuals. 

Eye  Contact:  Severe  irritation,  redness,  tearing, 
blurred  vision.  May  be  a  sensitizer  in  some  individuals. 

Ingestion:  Gastrointestinal  irritation,  nausea, 
vomiting,  and  diarrhea. 


»e ran noecewx*  Inhalation:  Remove  to  fresh  air.  Administer  oxygen 
if  breathing  is  difficult.  Xestore  breathing  if  necessary.  Treat 
symptomatically.  Consult  a  physician. 

Splash  (skin) :  Hash  affected  areas  with  soap  and 
water.  Remove  and  launder  contaminated  clothing.  Consult  a  physician  if 
irritation  persists. 


Splash  {eyes) :  Flush  insediately  with  large  amounts 
of  water  for  at  least  15  minutes.  Take  to  a  physician  for  medical 
treatment. 


Ingestion:  Drink  1  or  2  glasses  of  water  to  dilute. 
Do  not  induce  vomiting.  Aspiration  of  matarial  into  lungs  due  to  vomiting 
can  cause  chemical  pneumonitis  which  can  be  fatal.  Consult  physician  or 
poison  control  center  immediately.  Treat  symptomatically. 


Section  VI— REACTIVITY  DATA 


it***xr  coo‘o4»uo*  High  temperatures 

Oxidizing  materials 

wuMosuiMcawyetoiMemicn  j£ay  produce  hazardous  fusts  when  heated  to  decomposition 
as  in  welding. 

OtMfOCCU* 


Figure  Bl  (Cont'd). 
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Fage  3  AU  GSF/M5SF 

Section  VII— i  '.  '"A  OR  LEAK  PROCEDURES  40-AW-23 


tim  to  »t  tt  cam  >»»!«•«.  *  o*  >-  ,  _ 

all  source*  of  ignition  (flame,  hot 
surfaces,  and  electrics.! ,  •  .j  "fictional  sparks .}  Avoid 

breathing  vapors.  Ventii^  -  k~  .-ontain  and  remove  with  inert 
absorbent  and  non-sparking  u  > 

*«Itt  »»OH  K»«  .  . 

Dispose  of  m  acc  -dance  with  local,  state,  and  federal 
regulations.  Incinerate  in  ar,  <-?  facility.  Do  not  incinerate  closed 
containers. 


Section  VIII —  SPEC.AL  PROTECTION  INFORMATION 


e»ww  wo-k»o» 

In  outdoor  or  open  areas  use  Bureau  of  Mines  approved 
mechanical  filter  respirator  to  remove  solid  sir  borne  particles  of 
overspray  during  spray  application.  In  restricted  ventilation  areas  use 
Bureau  of  Mines  approved  chemical-mechanical  filters  designed  to  remove 
a  combination  of  particulate  and  gas  and  vapor.  In  confined  areas  use 
Bureau  of  Mines  approved  air  line  type  respirators  or  hoods. 

xil  application  areas  should  be  ventilated  in  accordance  to  CSKA 
Regulation  29CFR  mo.94,  1910.107.  1910.108.  Removes  decoteposition 
products  formed  during  welding  cr  flame  cutting  cn  surface  coated  with 
this  product.  If  baking  vent  fumes. 

mtoxcuMii  Recommended  emmaer*********  use  protective  outer- 

tMwrcto*  safety  eyewear  including  wear  and  prevent  prolonged  skin 
splash  guards  ox  ride  shields  contact  with  contaminated  clothing, 

reccsssended 


Section  IX— SPECIAL  PRECAUTIONS 


mwomwam*— Bo  not  store  above  120*F.  Store  large  quantities 
only  in  buildings  designed  to  comply  with  QSHA  1910.108.  Keep  closures 
tight  and  container  upright  to  prevent  leakage.  Do  not  store  or  use  near 
heat,  sparks  or  flame.  Sever  use  pressure  to  empty.  Drum  must  not  be 
washed  out  or  used  for  other  purposes.  Drums  of  this  material  should  be 
grounded  when  pouring. 

Do  not  get  in  eyes.  Avoid  skin  contact.  Can  cause  allergic 
respiratory  reaction.  Can  cause  allergic  skin  reaction.  Prevent  prolonged 
or  repeated  breathing  of  vapor  or  spray  mist.  Avoid  breathing  of  sanding 
dust.  Close  container  after  each  us*.  Do  not  handle  until  the 
manufacturers  safety  precautions  have  been  read  and  understood.  Keep  out 
of  reach  of  children. 


Figure  Bi  (Cont'd), 
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Good 
£««*«« 
Good 
N  A 


Fiaure  B2.  Vendor  in  f  erica  t  Ion;  /iaeron  system. 


Amercoat*  9SHS 


Hicdninindid  SjftHm  IMaq  Antftotf  WHS 


S uOS5f*» 

Pn*r*f 

No.  of  Coats 
terA/neiceaf 
99HS 

Omttcota* 

1-2 

St** 

86,62.  165, 160.71 

1-2 

Concftse.  sMTsoum 

Qavan.T^g 

68.165 

1-2 

Tin  cf»t  ana  >**«*%*  inKt^pct  laecnmareaaon*  *» 

*-»rx*<9*-5  n toeae t&ats» ana t<onrwxam  ?m< attict  fiv 
*n*so«  noaaarafcva  «no  •«  yox  MMW  t»  oarxu*  eoro»an  9B»ac*on 

fwa 

iwnn  *rmxM  3*<S  •*  aewtiJ  <V*csr  on*  *xra*nc  i«*  or  inc-neB  enmar*  *  *«« 
co*'»^oa<*aw«:ci*»-»rM»aec»c»ant«»ing  So^wo'^bujok 


.Vntfoni  products  **  *3?r»a*C) 
to  oa  frat  ot  exacts  fi  nistenfe-  c# 
workman#*?  it  a  pwx!  tJoti 
net  contorrn  v#9i  S»s  Warranty. 
Buy**  nx.-K  «S%  Amwtjn  wffw; 

frv*  cayl  et  d  KOV+Tf  &  JTlt 

d*ect  Out  31  no  tvtnt  tattf  than 
CT*  yttr  altar  Otwery  **•.  a 
afire»p*wonoftM«c»c a@e 
sf-ft  =f«,  «raehtv*r  ij  show. 
Arra-ons  sc*r  otigaten  uryjar 
ihu  Warranty  shaa  be  at  ss  ocecn, 

roetrst  Buy*r  s  accost  o  so 

SUX3y  R^nat  Of 

r*c*r.  P»k««onoufy  A,nc-o«oJ 
ncncantormsrsg  9000s  unoar  sfes 
Warranty  wsfvn  iht  Pma  so«c*« 
aooj*.  sh*i  car  Bojrtt  &om 
lacortryntfayndtr 

*  «  taprtMly  undantoOd  toai 
An*w imafcasnootoar 


HftirtMAaoflCTttyjtiiyiQJt 
ana  tot  Ml*  rsmtdy  of  tot  Buytr 
and  tot  so*  safc«y  of  Amazon  tor 
poductdsfectatwetwaaast 
tofiatM.  NooVarMcyadit, 
arpraaa  ormplia.  ahaCwr  of 
marchaniaciity  or  of  Hnata  tor 
any  paraatar  got  af*«  apply 
Amticr,afsa«notSa>atpoti*B* 
toroanaegoantti&rnags*. 

toy  '•earranandaPon  or 
nggaaiion  maftng  tot**J«a  Jt 
toa  products  mafla  &y  Airaw 
eitoar  to  Saehweal  SMnftr*  of  *> 
rMpcnaatoapaGAcnqiv'y* 
gn*n  in  good  laito.  Stf  «  to  tor 
Buywie  Mtafy  tow  o>  tot 
swfapilfy  of  tot  goods  tar  as  awn 
partcuiar  pgrpoaa  tens  a  w*  at 
oathadtohartoonaao. 


Vui^Pm 


Ppotacth«Coet«TS8 

□Mpion 


Figure  B2  (Cant'd) 


Application  Instructions 

Amercoat'  86 

Synthetic  resin  inhibitive  primer 


Aniwcos*  86  ts  a  syyShe&c  f 
rtk&ave  pr*ner  used  as  a 
rnainienargeof  mar*wp«*ef  tora 
*><ie  fang*  of  (cocoas 

To  octan  (he  manstrtxn  per kxrnanc# 
!or  when  Amerces:  06  is  tcrmj&io. 
yrcl  adherence  »  ad  2ppi=ca£iOn 
hstrwscn*.  cf«cau£>orts.  ecnotw 
and  trrsaicns  is  necessary 

Surface  Preparation 
Steel 

Nomtnn  if  mxv—  New  vee<  -new;  &ts 
or  deofessens:  Nasi «  acsotpance 
rwh  SSPOSPS*  Commerce  8Us! 
Prevxx-s-Y  c*ne<l  v  pb*d  Mod.  t>as! 
»i  accordant  w*i  SSPC-SPlO*.  Near 
W*te.  for  mm  WXSutb  power  soot 
cieanrig  *i  accord®  xx 
SSPC-SP3* »  acceptable 
h*oersc*\~Sa$:  a*  steel « 
accordance  *rm  SSPC-SPtO*  Near 
Wv«  a$  a  rwarwr..  Bast  &>  achieve  a 
!  iri{SSn)pfo**asde«finnea*it!a 
K*ir<-**»of  Surface  Pfc<^ 
Comparasor  or  sanlar  rjwiment 
fienxN- acf«»*  f«K3ue  and  <fca 
(rom  surface  Acc*/  Amercoat  36  as 
soon  a*  oos®e«e  to  prevent  ruseng  of 
or<f  mxrt*r*maa 

H>  iWj  ytharvied  surttcM —Remove 
any  ol  Of  soao  MmvwSl  neudal 
detergent  or  en^son  deader  use»K 
seawsent  sxft  as  GawacfW  by 

A^nChilfTi  PfOduCtS.  An<S«f. 

Weathered  gefcranaed  surfaces— .1 
gafvan*ng  •'■■as  £**n  e»pesed  to 
i«awof  «eaes»«g  (o' 6  fdof«»s  of 
more.  remove  eex  ro«n  w»  hand  or 
cower  sanoet  fiefre**aP>  o*of 
grease 

Orrie'.co«**  •  -  •  Sirface  nos  be  Pean 
and  Ory  RerroveanyPXsamriaticn 
ncfu*^oix>fig  residue  it  surface  n 
graced  rougbe  ?  by  s*eeP-dastng 

'5»v  -1 '  **;  Care*  Severe*  .w 


fie<er to  aoo*cat<n  rstfuetjons  tor  me 
oar tcufar  Owne-:ccte  for  any  of-v 
spec*  icocoat^  recyaemem 
Akmntxn  surfaces — P.emo/e  pi, 
grease.es:  Acof/onfomase-tyce 
convecsof.  treatment  such  as 
Aiodne  1200  cy  Anxnefn  Products. 
Am&er.  PA,  or  r-ghSy  Past  *«n  !-rt» 
sand. 

Pranousty  coated  surfaces— As 
surfaces  must  be  bee  or  oi  and  grease 
-  Sax  etast  to  exposed  msta:  v 
<T*cr&rj2sfrj£**-  'o  remove  r\jst  of 
Oder  conUmfVonts. 3cta*e  us*~g 
Arn^co*  36.  »st  to  see  ^  si^#dris  si 
Amercoat  86  w*  cause  wnr**«g. 
Cewoog  or  fcfeng  c<  eoatng 

Env-^ormenUi  Cord  son* 

Air  temperature — 353  J20"F 
(5  7So-s9*C) 

Strtacj»(envereajre--35toi20"P 

{t7t>*rO, 

T>e  Surface  leroerar^e  rrvit  te  ?i 
«»H  (3*C;  aowe  ^  oe»  wen  » 

prevre  mcfjfetfe  cofKsefsaton 

E^uipffwH 

The  ?osp»tig  eguomen!  <s  xsted  as  a 
partil  fjocs  »id  surface  eomcment 
tomefherr-  jiacsi^wsmayoeusea 
Ad^-st'Te.rts  o-‘  ctess^es  and  si*ige 
w  ssre  may  &*  reec»s  »  a^sev« 
’«  Croce'  jjjr  »y  ChSr*3e«SJ<Ci 
Asdtss  spray— Scarp*, -O  »r^ss  spray 
ecr«»hen!  such  as  G? %c  S^Ckig 
Hy-dra-Scray  O'  li-per  wCh  a  0  013-c.  '-C 
0  015-n  0f*» 

Conventonaf  ^sfay—loduss^ 
Kf^aner*  $u&>  a*  DeStess  fc^;  <x 
XiAspray^i  Seoan»erfgvttfcr$!Cr 
a  w<i  fvo  jwsswe.  mech*rtc»  po* 
^caaf  a  measure  and  m  c?ao  « 

m  meat  a?  swxsy  at e 

feasmmenwd 

Peaer  Maer  such  as 
-**»«?.  mani<acsufed  sjy  me  jc;,-  Wsut* 


Compaiy.Lnc  S*>rfjffiC<CO 
C»tofrta  pswmedDyan 
e»OiOSa3*.-pfOCt  electee  .meter 

IppMcition  pro(#duftf 

(  C«an#(fjpfr^*imAfrieircfiat  '2 
oetcfeuse 

2  Stafn*en»’cxifOMgr>f'/wSiaDOiw 
mne?  uf*l  trfsfomsy  sanded  a  a 
workable  ccnsdsency 

3  Thai  W.m  op  10  1  po;  A.mefC«t  9  Pc' 

gaSon  of  Amerce*  36  (of  cnosh  sx 
f<Xef.  1  Ame^ca!  9  C«f  c^on  sx 

Afnenx*  86  (or  spray  Use  eftfy 
Arreftcat  g  (Of  rnrayng 

a  Aopa*ah«rvjtw*ecoaunewfn. 
caraBei  passes  overraopng  each  pass 
50%  a  **&£  hcadsys.  tare  seas  « 
p«hctes 

5  0«jtSecoaJ^w«3s.fos^:spc(s. 
sharp  edges  ana  ccmers.  n»« ss.  boTs. 
etc. 

6  Forcofsre^ssrfaces.ewiSfSiccK 
wsft  e<s^  parts  c(  Ameicos:  9  orty 
ApcfyCyPrusn  Appjy  second  coa!  by 
spray  brush  or  'o^er  £x£rerT*y  rough, 
peed  or  pexcus  esnerese  may  ?«?^e 
aPPtona:  coals 

?  «O«am*as:on#rdur£70?(2!'Ci 
before  reepasng  v  hantpng 

8  CeimwerjifpmerXwm 
AmerCC-JI  12  srwi«k*«(y  a»tf  use 

SiiKy^ieaiidodi 

Cau&crf  Ccrh(XiS:-Cre  Ccntm  M8*. 
eycicne»»ipr«  gfyeof  eeser  ester 
Irriawic  »  swi.  eyes  and  Rkjccus 
memO:{*»j  teswes!  hgn 
ccncenwato'.s  ^  vapors  cw-  cause 

ht3d.-K*«  ry»JSea  cv  Ci/zness  Ke?c. 
away  from  open  Same,  heat  v  soarts 
A.-Crf!  inafnog  tf  vapor  or  a-~c 
eyecprwi  cowa^er  csosej 
•hen  res  e>  use  Use  aoe»ate 
ventfa9an  wtxoveo  'wp/^exy 
ana  s»  and  eye 

sxtaefton 


Figure  S2  (Cont'd) 


Firs  *d—  Excessive  exposure  to 
vapor,  provide  fresh  a#  G-s-e  artificial 

ref0*at«n  >f  breaftwg  is  iaoorea  For 

sin  contact.  wash  thoroughly  with 
soap  and  water  ter  eyes.  Hush 
hwedigssry  wsi  plenty  or  water  tor  at 
eas:  !5  mrxifes  ana  get  meocai 
asentoi  Launder  contammateo 
acmvg  before  reuse 

to  case  of  fw»—Sf*wet  flames  wst  cry 
enemicai.  car&cr.  Oomdn  or  tearr. 

*ear  seNtorsarwa  preafrog 
apparatus 

tocafeoftpiiiage— eftovRateas 
sources  d^rvbCh  AbSCfD  3T-C 
dispose  o<n  accordance  *th  as 
aPptcaP*  .'sguteiohs 
Smprco^  use  sod  hanrfng  c*  S^s 
proo.es  ca«  eenasaraous  so  heatcn 
and  cause  f*e  cr  e»oto&on  Convjt 
Code  c*  Federal  Fe^uatcrss  Tine  25, 
Labor.  parts  JSiOand  !StS  ccncerrng 
oceuoascnaf  site:,  and  he*th 
standards  arc  regusa^sns  as  we®  as 
any  aco'ca&e  scare  and  tecai 
recuat<^di  sate  eract««sm  coating 
operatens  Necessary  »%ft/ 
eouerrent  ntig  pe  used  ana 
-.entiaacn  rsourements  caemsy 
deserved.  especaSy  st  confined  or 
snocsea  spaces 

8  you  do  rax  te*y  understand  these 
warrsngs  and  .fistrueOons.  or  8  you 
carrot  strery  comply  vrth  them,  do  not 
use  the  product 

Nobc#— Tb*  ooxtect  *  for  ndus^al 
vSecr,-, 


Warranty 

Ameren's  products  are  warranted  to  oe 
tree  of  detects  n  materia!  or 
worwnarsNJ  if  a  product  does  not 
conform  wm  trus  Warranty  Buyer  rr»,-st 
reefy  Ameren  w=mm  five  days  or 
sscorery  of  me  detect.  Cut «  no  evera 
tater  anan  we  year  after  oefivtry  date  or 
after  e*praaon  of  me  acpecapie  she# 
Me.  whenever  s  shorter  Amsron's  sete 
cctvjteo'i  under  tr«  Warranty  sna?  be 
at  ©option,  to  credt  Buyer's  account, 
«  to  suppb  replacement  material  or 
repair  FaAfte»noe#y  Ameren o< 
norxxntermng  goods  uraJer  ms 
fta’MTf.  wssvn  tne  &me  speeded 
icxy.e.  snaa  car  Buyer  from  recovery 
hereunder 

ft  <*  expressly  understood  met  Ampon 
iTsaMa  no  other  wtrTantescoocerrwvg 
me  goods,  and  the  soto  remedy  cte>e 
Buyer  and  me  sot*  kaMsy  of  Ameren 
far  product  defect  shaft  Oe  at  set  form 
above.  Mo  omer  warranties,  express  or 
mpieo,  whether  of  menmertac*ty  or 
cfSmessfcr  any  peneuief  use  shaft 
apply  jvneron  shat  not  be  resoansftXe 
forceneadunawotmajae 
Any  .■aoommendafton  or  sugge**** 
reiWigte  re  used  me  products  maoe 
by  Arneron  e«ier  m  secrmicai  MeraMe 
ram  response  to  specftterxyaryie 
grven  n  good  f*m,  but  ft  is  ter  Buyer  » 
seSdfyftseftofmesufteMftyofme 
goods  tor  ft*  own  panicUar  purpose 
and  ft  Wi  be  deemsd  to  have  done  so. 


^  S^y  $?-*** 


Amam, 

ProtectMi  Coated 
DMSSOn 

a^ft  I II  Iff 

Mftff'VS* 


Figure  B2  (Coot'd) 


Precautions 


To  protect  perform*) 
sgttasl  toxic  hazards 

To  provtot  tWo  or 
explosion 


Wbeneve f  costings  coaming  *o 
la'.-.H  ssivem*  o'  to*<c  sufrstances 
ire  used.  proper  verttilatson  *nd 
protect  c.<  rr«-ur«  must  be 
provided  during  apcMxabCfl  ano 
drying  ro  keep  solvent  .racer 
Sjnoen-fat'OJtS  vsitfun  -jfe  tamis 
and  to  protect  cetsonne!  agamst 
;o*tc  hazards  Th«  ,-s  espectastv 
true  in  contused  spaces  sash  is 
Unk  interiors  Consult  Cod*  O* 
ftot rtf  Regulations  Title  2S. 
Ut50f,  Pitts  19lQjind  ?3!6 
concerning  osaiPJtwoil  safety 
and  health  standards  and  regula¬ 
tions,  as  *en  as  any  applicable 
sate  and  tccas  reguHtcm  on 
safe  practices  m,  coating  opersttcos 
Necessary  safety  equipment  must 
be  used  and  wfmiUtion  require- 
menisarefutiy  eoserwd,  esc«:u!  hr 
m  con, Sited  or  enclosed  spaces 


Keep  soNent-cetHa«wng  rrateriafs 
away  from  neat.  s»k$,  and  open 
name  Avoid  mnasation  of  taper % 
or  spray  owt  Avori  contact  »>3» 
eves  Qy  yun  Keep  containers 
tjsmty  crowd  and  ■opncht  to 
resent  seafcapt  «*?»«  not  m  usa 
Refer  to  «s«at<sn  rftfirucwsns 
for  a»  nattr  at  dmrtg  jsw:  tor 
further  detailed  safety  precautions, 
0ep3ftrr>»n!  of  taco*  Materia, 
Safety  Oata  Sheets  ye  available 
on  request 

tf  you  do  net  fuily  understand 
these  exrrnr  gs  and  innrucsor-t, 
or  It  you  cannot  Strictly  comply 
vmdt  them.  do  not  «*  *e  product. 

Notice  -  This  product  n  tar 
trsHstr  a!  use  o«?y 


si  Se-rr  Ss*i 

yW.  4  9321 


&mepon 

Protect**  Coacngs 
Omsk** 


Figure  B2,  (Cont’d) 


date  of  mmp 


-kLkflL 


MATERIAL  SAFETY  DATA  SHEET 

FOR  COATINGS,  RESINS  AND  RELATED  MATERIALS 

!*M'Oy*<s^U5 


NPCA  1- 


Section  I 


/olt-lve 


Plas-Chem  Coatings 

!sS  EAGLE-PICHER  INDUSTRIES 


moductciasj 
2  Component  Epoxy 

THAOC NAMt 


P.O.  Box  40246,  Jacksonville.  FL  32203 
(904)  786-0121 

5901  W,  Beaver  Street  zip  32205 
(904)  7860121 

UAHUPACtUft!**  COD(  IOINTiFICATION 

2135-1  White  Finish 


MIXED 


Section  il  -  HAZARDOUS  INGREDIENTS 


■  l  ......  .■  •  ■  —  ■ —  «■  - 

tetCftfOiCNT 

tfcftCtNT 

MM 

i.EL 

mSSm 

2-Ethoxy  Ethanol 

less  than 
5 

100 

370 

1.0 

5.3  0  25®  C 

SC-100 

30 

100 

— 

1.0 

<1 

N-Butyl  Alcohol 

less  than 
5 

50 

150 

1.2  8 
25®  C 

4.39 

N. -Butyl  Acetate 

less  than 

C 

* 

150 

710 

T.7 

7.8 

•Oil INO  HANOI 


I  tilHTrft  Than  Am 


_ Section  III  -  PHYSICAL  DATA _ 

VAAO*  DtHtitr  fV  I  MtAKlf  I  1 1 

243-262®  F 

I«AAOXATrf)MAAtt  I  I  M4TCR  [  Y  I  llOWl«  IMAA  CT«f  •  r*»C*IYT  lOlATHC  5?  WtKjMt  r*«  |0.2  -  .15 

L-,J  V  A.J  tv  vOiUMC  OauOn 


Section  IV  -  FIRE  AND  EXPLOSION  HAZARD  DATA 


C.OI  CATIOOAT 

Flaimable  Liquid-Class  1  C 

t JETi*au»SwlNO  MCOtA 

Chemical  Extinguisher#  Foam,  Sand  ,  CO2 

/ 

UNUSUAL  Flftt  ANO  t*KO»10*  MA£A*Of 

Hone 


riAXAAOmr  76®  F  TCC 


SAiciAi  mi  f  igmtino  mociou*** 

Prevent  spread  of  fire  by  cooling  adjacent  containers  with  water  fogging  or  removal  If 
possible. 


Figure  B3  (Cont'd) 


_ Section  V  -  HEALTH  HAZARD  DATA 

THfttfHOlO  LIMIT  VALUE 

iwf  cr*o*  ovsM*fOtuAi 

Inhalation:  Dizziness,  headache 
Skin  Contact:  Redness,  rash 


(MinatNCY  AttD  HAST  AID  MOCtOUSH 

Inhalation:  Fresh  air 

Skin  contact:  Wash  with  soap  and  water;  ap^.y  hand  cream 
Eye  contact:  Rinse  with  large  amounts  of  water 


Section  Vt  -  REACTIVITY  DATA 

sTAsiurv  I  I  uHtfAtit  !77l  itaais  uowwnowatOAXxo 

IMCOMAATASIUrr  W  MOW) 

HACAMOua  MCOMAOAiriON  AAOOOCTA 

Carbon  monoxide  and  carbon  dioxide 

HAXAAOOU*  AOtYMtRIIATKW*  I~~l  MAYOCCOA  ITp3  WIU.WOTOCCW* 

cowomowatpAwio _ 

s#cl(onV1|  _  8p(LL  QR  LEAK  pROCEO^pr- 
*TS»«TO  At  7AAIN  IK  CA*1  MATS  AiAJ.  OA  AAAXID 

Scoop  up  in  container  -  Sinse  with  water 

WUTI  n«AO«AL  SMTHOO 

Burying  or  incineration  In  accordance  with  local,  state,  and  federal  regulations 

Section  VIII  -  SPECIAL  PROTECTION  INFORMATION 

MiSSuTonrMOTieiioH 

Not  normally  necessary  when  working  with  sssll  amounts.  For  large  spray  applications, 
BU  Mines  filter  respirator  for  organic  solvents  Is  advisable. 


vxwmxno* 

Exhaust  ventilation  from  enclosed  areas  recommended 

moucrrvt protective  hand  cream 
«r«  AAOTtenow  goggles 

OT  KVA  AAOTtCTnl  ICUIAMVMT 

™  —  Section  IX  -  SPECIAL  PRECAUTIONS 

AA(CAU»OMSTOBI  ■••'«.K!HMANOll*OAKO»TO!**«a  ~  ' 

Do  not  su  *n  direct  sun.  Keep  protected  from  exposure  to  heat. 

OtHCA  AAVCAWT  *OK  S 

Do  not  use  in  i  ■»  proximity  to  heat  and  open  flame  welding  and  other  ignition  hazards. 


Figure  B3  (Coat'd) 


Section  I 


Plas-Chem  Coatings 

is£  EAGLE-PlCHER  INDUSTRIES 


IAMOOUCT  CLASS 

2  Component  Epoxy 

I  TRAOlNAMf 


P.O.  Box  40246,  Jacksonville,  FL  32203 
(904)  786-0121 

5901  W,  Beaver  Street  zip  32205 
(904)  7860121 

MANUFACTURERS  COM  lOCNTiFICATION 

2135-1  White  Finish 


MIXED 


t'*G*£0>tNT 


2- Ethoxy  Ethanol 
SC-100 

N-8utyl  Alcohol 
N. -Butyl  Acetate 


Section  II  -  HAZARDOUS  INGREDIENTS 


ttftClNT 

Tl 

RRM  *k 

loss  than 

5 

ICO 

370 

30 

100 

... 

less  than 

5 

50 

150 

iless  than 

5 

150 

710 

90*1*0  *A*Of 


Section  HI  -  PHYSICAL  DATA 

VARORDtHSltV  (V 


IuChTT"  THAN  AIR 


243-262*  F 

£vAACRAT»ON  RATS  f”  j  FASTCR  I  »  lsiOWtM  THAN  tTNSR  RfRCfNT  WHATllX  X?  WSiOnT  MR  j0.2  -  .15 

I - 1  LA-I  IT  VOIUMI  UUOA 


CCT  CATtOOR* 

FiaMaable  Liquid-Class  1  C 

CiTINSU'SMINS  UIOU 


Section  IV  -  FIRE  AND  EXPLOSION  HAZARD  DATA 


fvasnrwnt  76*  F  TCC 


Chemical  Extinguisher*  Foam,  Sand  t  CO? 


UNUSUAL  FIRE  ANO  C XKOSION  HAZARDS 

Hone 


SRf  C»l  »l« (  FIOhTINO  RROCSOURit 


Prevent  spread  of  fire  by  cooling  adjacent  containers  with  water  fogging  or  removal  if 
possible. 


Figure  B3  (Cont'd) 


Section  V  -  HEALTH  HAZARD  DATA 


Section  VI  -  REACTIVITY  DATA 


□  uNst«»it  CCXT  5>*«n  At  normal  conditions  to  a*oio 


tNCOM*»TAfcUttv  »ee*o-ct 

h»;a*oOjS  0tCOvrtJ*if»O*  *»OCuCTS 


conditions 


Extreme  heat 


Carbon  Mono  and  Dioxide. 

NAIANOOUS  I  I  MAVQCC»»  jtTt)  AHL  NOT  OCCUA 

TO  AvO‘C 


Section  VII  -  SPILL  OR  LEAK  PROCEDURES 


sTt»*TOMTA«fN.NCAUNATt»iAi.»N«iiA$too»»s»itiiD  Scoop  up  in  container  using:  non-sparking  tools, 
remainder  up  with  sand.  Keep  waste  in  closed  container  for  disposal.  Clean  with  suitable  solve 
under  proper  ventilation. 

«»sT*ws<>osAi.MfTNOo  oppose  of  waste  by  btrying  or  incineration  In  accordance  with  local,  state 
and  federal  regulations. 


fcf5*»«ATO«^  R*»OYIC*»Oe» 


Section  VIII  -  SPECIAL  PROTECTION  INFORMATION 


Su  Mines  approved  filter  respirator  for  organic  solvents. 


yfNtnATNNN  <;11Liinn  ventilation  from  lower  reaches  of  enclosed  areas. 


M«oTeeTrv« oiovts  Protective  skin  cream  recommended. 
r*f  MTOTfCTKJN  fioqqles 

OtMf  N  P*OTCCTivf 


Soetlon  IX  -  SPECIAL  PRECAUTIONS 


a«(caut>ons to »t  •««« in nanoiinc and sio*iNG  g* ore  jn  ^ ]  ventilated  area  protected  from  undue 

exposure  to  heat,  sun  and  freezing. 


OtHf*  MICAUIM''*!' 


Use  explosion  proof  lights  abd  motors  in  work  areas.  Avoid  welding  and  other 
ignition  hazards  in  vicinity  of  use  or  handling. 


Figure  B3  (Centr’d). 
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Plas-Chem  Coatings 

TECHNICAL  BULLETIN 

Chem-Pon  yi.lS 

Euoxy  Lining  System  | 

1 

6-15-SD 

GENERAL  DESCRIPTION 


The  Chem-Pon  2135  coating  system  consists  of  one  primer  and  one  finish.  St  is  a 
unique,  modified  epoxy -polyamide  that  combines  a  rapid  cure  with  unusually  long 
pot  life.  This  system  is  specifically  designed  to  resist  all  types  of  aviation  fuels, 
water  and  aliphatic  solvents  in  immersion  service.  It  also  has  good  resistance  to 
many  herbicides,  fungicides,  pesticides  and  fumigants.  Cnem-Pon  2135  has  outstanding 
adhesion,  impact  resistance  and  resistance  to  steam.  It  complies  with  MILC-4556C 
and  is  on  the  qualified  product  listing  for  aviation  fuels. 

USE 

As  a  lining  system  over  sandblasted  metal  to  line  tanks,  for  jet  and  aviation  fuels, 
gasoline,  aliphatic  hydrocarbons ,  water  and  salt  water  subject  to  temperatures  up  to 
140°  F.  It  may  also  be  used  as  a  lining  material  for  certain  herbicides,  fungicides 
at  various  concentrations.  Chem-Pon  2135  may  be  used  for  external  and  splash  zone  use 
in  the  same  application  as  well  as  splash  zone  protection  for  alkali  or  acid  environ¬ 
ments. 


PHYS'CAL  PROPERTIES 
Chemical  Resistance: 


Temperature  Resistance: 

Flexibility: 

fe.'-athering: 

Abrsiion  Resistance: 
Solids(C»taiyzed  4:1  by  volume): 

Theoretical  Coverage: 
Recommended  Coverage: 

Number  of  Coats : 

Surface  Preparation: 


Acids  -  Good 

Alkalis  -  Very  Good 

Hater  -  Excellent 

Solvents  -  (Aliphatic)  Excellent 

Salts  -  Excellent 

Herolcides  -  Very  Good  * 

Pesticides  -  Very  Good  * 

2G0°  F.  Continuously;  230°  F.  Intermittently 

Good 

Very  Good  (Moderate  Chalking) 

Excellent 

Primer  -  685;  1  by  weight,  505^  1  by  volume 
Finish  -  625*1  by  weight,  505^1  by  volume 

802  mil  square  feet  per  gallon 

Minimum  3  ails  per  coat  (Fuel  Service) 
Standard  5  mils  per  coat 

1  each  of  primer  and  finish 

SSPC-SP5-63  for  iaesersion  lining  applications 


Plas-Chem  Coating*  •  ,f'01  West  Beaver  Street  •  Jacksonville.  Florida  32205 
Mailing  Addresa:  P.O.  Box  4C340  *  Jacksonville.  Florida  32203  •  Telephone  <904!  786-0121 


m  i  '***.▼«  if  (»«9' aft  s*'**'«*'Xf  *  'vt  Vr** .  .%  m  tW'a**  ts  *  ■ki'vsmi'h  yyftatt  ■*  {***<'  +*  ***  #*»•«  i 


Figure  B3  (Cont'd). 
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PHYSICAL  PKOPERTIES(confd) 


Colors: 

Flash  Point: 

APPLICATION 

Method: 

Pot  Life: 

Mixing  Ratio: 

Dry  Time: 

Thinner: 

Clean  Up: 

0RDERIH6  INFORMATION 
Availability: 

Approximate  Shipping  •eight: 


Primer  -  Orange 
Finish  -  Off  White 

95^50.F.  Pinsky  Martin 
11S-S0  F.  COC 


Spray,  brush  or  roller 
Minimum  of  8  hours 

4  parts  of  base  to  I  part  of  catalyst  by 
volume 

18  hours  9  75°  F.  between  coats 
Final  -  36  hours  9  75°  F. 

Standard:  Mo.  146  Thinner 

Military  Thinner:  Che»-Pon  2136  Thinner 

HEK  or  any  of  the  above  thinners 


lit  gal.  kits  (  1  gal  base  and  %  gal  catalyst) 
5  gal  kits  (4  gal  base  and  1  gal  catalyst) 

Primer  Base  12.5  lbs.  per  gal. 

Finish  Base  11.7  lbs.  per  gal. 

Catalyst  2.5  lbs.  per  quart 


Freight  Classification:  Paint  compound  N0I8M  Mon-Red  Label 

•Due  to  many  types  and  variations  of  these  materials,  contact  Plas-Chem  Coatings, 
Technical  Services  Dept,  for  specific  recoammndatlons  before  using  in  Inversion 
service. 


■H 


-  i 


•  i 


Figure  B3  (Coat'd). 
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Plas-Chem  Coatings 

APPLICATION  INSTRUCTIONS 


CHEN- f 09  2135 
MEETS  MIL-C-4556  C 
FOR  JET  FUEL  SERVICE 


2-1-83 


SURFACE  PREPARATION 

1.  Immersion  Service 

i.  Sandblast  to  white  metal  in  accordance  with  Steel  Structures  Painting  Council 
Blast  Specification  (SSPS)  SP5-63T.  Mil  profile  shall  be  a  s’nimum  of  1.5  - 
2  mils. 

b.  Remove  all  loose  dirt  and  abrasive  media  by  vacuuming  or  sweeping. 

c.  Apply  priise  coat  of  materia!  as  soon  as  possible  after  blasting  to  prevent 
re-rusting. 

d.  If  re-rusting  has  occurred,  surface  should  be  reblasted. 

2.  Non-Immersion  Service 

a.  Sandblast  in  accordance  with  SSFC  SP6-63  Commercial  Blast. 

b.  Remove  blasting  dust  by  blowing  surface  with  clean  dry  air  free  of  oil  and 
moisture. 

c.  Paint  surfaces  before  re-rusting  occurs. 


MIXING 

1.  Mix  materials  (base  and  catalyst)  as  supplied  in  kit  form.  Mixing  ratio  Is  4  parts 
base  to  1  part  of  catalyst  by  volume. 

2.  After  mixing  base  and  catalyst,  allow  1/2  hour  induction  time  before  applying. 

POT  LIFE:  less  than  15  S  viscosity  increase  in  6  hours  at  75°  F. 

THINNING:  None  normally  required.  However,  if  cfrc instances  should  dictate,  use 
only  a  thinner  and  amounts  listed  below. 

a.  Military  Specification:  Use  only  Chem-Pon  2135  M.S.T.  Thinner  up  to  1/2 
pint  per  gallon  of  mixed  material. 

b.  Non-Military  Specification:  Use  Plas-Chem  No.  146  Thinner  up  to  1/2  pint 
per  gallon  of  mixed  material. 


Pias-CHem  Coalings  *  5901  West  Beaver  Street  •  Jacksonville,  Florida  32205 
Mailing  Address:  P.0,  Sox  40246  •  Jacksonville.  Florida  32203  •  Telephone  (904/  '86-012! 

S-C#  tyf<H  m  aid  ft  WifM  K>  ^  *4  ^g***'1 

g*  rm*r>  •fr&n  ■*  (***-a«*  ?#>*»****  *  -■*«  **#*  Nt  M  a  ■ese-wd#***  »*  -s#  *-»  W  »•  i»4|  ***** 


Figure  B3  (Cont'd). 
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airless 

CONVENTIONAL  AIR 

Puep:  30:1  or  larger 

Pressure  pot  or  2:1  fluid  putp 

Oriface:  .013-. 029  depending  on  voluse 
requirements 

Guns:  31r.ks  7,  18.  19,  62  OeVilbiss 

Q6A,  H8C  or  PHSC 

Angle:  40  -  60  depending  on  surface 
requirements.  Work  close  to 
surface  to  minimize  drift  and 
drcp  out. 

Hose:  5/16”  STD  High  Pressure  Fluid 

Pressure:  26GO-3000  PSI 

Thinning:  None  no really  required 

Fluid  Tip:  .041-. 070 

Air  Cap:  7-13  CFM 

Hose:  3/3*  10  Fluid  Hose 

Pos  Pressure:  5-20  PSI  depending  on 
hose  length. 

Atomizing  Pressure:  45-65  PSI 

Thinning:  None  normally  required 

Brushing  or  rolling  is  net  recommended  for  immersion  applications  and  should  be 
used  for  touch  up  work  only.  Use  High  Quality  natural  bristle  brush  of  nediiet 
length.  Apply  by  flowing  long  strokes.  Avoid  re-brushing.  Rolling  -  Use  lambs- 
wool  or  mohair  phenolic  core  roller  of  appropriate  knapp  length.  Roll  in  one 
direction.  Avoid  'scrubbing*  of  surface. 

THEORETICAL  COVERAGE:  800  *<1  square  feet  per  gallon. 


INTER-COAT  TIME:  18  hours  at  75°  F  (Military  Specification). 

12  hours  at  90°  F 

CURING:  If  possible,  due  to  the  slow  ivlvent  system  used,  it  is  advisable  to  force 
high  voiums  of  slightly  wane  air  at  75°-85°  F  for  two  hours  through 
enclosed  tanks.  Increase  temperature  to  11S°-125°  F  for  8  -  10  hours. 

CURE  TIMC:  3  days  at  75°  F 

For  shorter  tine  see  ■CURING*. 

CLEAN- Up:  Plas-Chees  No.  146  Thinner,  HIL  Spec  Thinner,  or  NEK. 

CAUTION: 

1.  Contains  flammable  solvent. 

2.  Keep  away  fro*  open  fla*e  ami  sparks.  Use  only  approved  explosion  proof  equipment. 
In  tank  lining  applications  workmen  must  wear  Air  Respirators  provided  with  a 
source  c(  fresh  air. 

3.  Remove  any  spilled  catalyst  fro*  hands  or  skin  at  once  with  water,  then  wash  with 
soap  and  water. 

4.  If  catalyst  is  spilled  on  clothing,  r«cve  clothing  at  once,  wash  skin  as  above. 

5.  Mi*  and  apply  Chim-Pon  2310  in  a  well  ventilated  area.  Keep  awey  frca  sparks  and 
open  flame.  In  tank  lining  applications,  wortwn  oust  wear  air  respirators 
equipped  with  a  source  of  fresh  air. 

6.  HYPERSENSITIVE  PERSONS  SHOULD  WEAR  GLOVES  OR  USE  PROTECTIVE  CREAM.  ALL  ELECTRIC 
EQUIPMENT  AND  INSTALLATIONS  SHOULD  S£  MADE  AND  GROUNDED  IN  ACCORDANCE  WITH  THE 
NATIONAL  ELECTRICAL  CODE.  IN  AREAS  WHERE  EXPLOSION  HAZARDS  EXIST,  WORKMEN  SHOUtO 
BE  REQUIRED  TO  USE  NON-FERROUS  TOOLS  AND  WEAR  CONDUCTIVE  AM)  NON-SPARKING  SHOES. 


Figure  B3  (Cont'd) 
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